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Modulation-Domain Simulation 


Gives 


Introducing OmniSys 
Version 3.5. 

Analyzing communication 
systems and complex modulated 
signals with the usual simulators? 
Time- and frequency-domain 
simulators like SPICE and 
harmonic balance are great, but 
circuit simulators don’t give you 
the big picture. OmniSys® EEsof’s 
system simulator, gives you the 
new insight you need! 


OmnisSys lets you simulate 
system performance in the 
modulation-domain so you can see 
how your system will work with 
today’s chirp, MSK, pi/4 DQPSK, 
and other complex modulated 
signals. Look at BER I-Q 
constellations, spectral regrowth, 
AM/PM distortion, and more. 
You'll see the effect of hardware 
trade-offs on your complete 
transmitter and receiver and 
you'll get your system to market 
faster without costly redesigns. 


Circle No. 2 








You the Big Picture. 


See the Big Picture with 
OmniSys. _. ® 
Contact us —- 

for literature 

at (800) 

34-EESOF...or, 

if you prefer, 

by FAX at 

(818) 879-6462. 

In Europe, call (49) 8105-24005 or 
FAX (49) 8105-24000. 
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ordering 
Over 40,000 products for 
Process Measurement & 
Control 
Call, Write, or Fax for your 
QualificationForm, Today! 
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Turning great research into great graphs ... 
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DEC 12. IBM Corp. said it had 
produced a transistor three 
times as fast as any predecessor 
for use in high-performance, 
low-power computers. Its max- 
imum unity-gain cutoff frequen- 
cy of 20 GHz stems from the 
horizontal—rather than verti- 
cal—conduction of electricity 
across the transistor. 


DEC 12. The Federal Commu- 
nications Commission, 
Washington, D.C., adopted new 
rules to reduce international 
phone-call rates and open for- 
eign telecommunications mar- 
kets to competition. From now 
on, large U.S. long-distance 
companies must allow aspiring 
competitors in other countries to 
lease U.S. international lines at 
bulk rates and resell them to in- 
dividual customers—but only if 
that country allows similar ar- 
rangements for U.S. companies. 
The FCC also approved a plan 
submitted last year by AT&T Co. 
and MCI Communications 
Corp., Washington, D.C., to pre- 
vent any long-distance company 
from switching customers to its 
services without proper 
consent. 


DEC 17. Intel Corp., Santa 
Clara, Calif., and Unisys 
Corp., Blue Bell, Pa., said they 
had signed an agreement under 
which Unisys, the third largest 
U.S. computer maker, will stan- 
dardize its open-system com- 
puters on Intel’s X86 line of 
microprocessors. The compa- 
nies said they would greatly in- 
crease collaboration on defining 
technical requirements for fu- 
ture Intel microprocessors and 
would jointly support areas of 
software development that af- 
fect Intel chips. 


DEC 17. AT&T Co. said it had 
closed down the service that 
gave the company its last 
name—its 104-year-old tele- 
graph service—because of com- 
petition from better and less ex- 
pensive telecommunications, 
like electronic data processing 
and facsimile machines. 
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Newslog 


DEC 18. IBM Corp. and Sie- 
mens AG, Munich, said they 
had built the first production pro- 
totype of a 64-Mb dynamic- 
RAM chip. Production of the 
chip, which can store 3000 pages 
of text, is scheduled for 1995. 


DEC 18. China said that its first 
nuclear power plant, built by 
China National Nuclear 
Corp., had begun trial operation 
in Zhejiang. The startup of the 
300-MW pressurized-water 
reactor was delayed for two 
years by construction problems. 
Full operation is to begin in June. 


DEC 18. The French Govern- 
ment announced that it would 
form a high-technology electron- 
ics and nuclear-energy conglom- 
erate—Thomson CEA Ind- 
ustries—by combining Thom- 
son Consumer Electronics 
and Thomson’s semiconductor 
activities with the civilian activi- 
ties of the state-owned Com- 
missariat a l’Energie Ato- 
mique (CEA). Analysts said 
the move would mean that R&D 
funds in electronics would come 
from the new company’s profit- 
able energy arm, not directly 
from the Government. 


DEC 18. General Motors 
Corp., Detroit, Mich., said it 
would close 21 of its 125 assem- 
bly and parts-making plants in 
North America and eliminate 
more than 70 000 jobs, or near- 
ly 18 percent of its employees 
there, over the next four years. 
GM said attrition and early 
retirement could account for 
many cuts, which it hoped would 
save US $5 billion by 1995. 


DEC 19. A U. S. District judge in 
San Jose, Calif., dismissed alle- 
gations by Advanced Micro 
Devices Inc., Sunnyvale, 
Calif., that it had been denied 
the right to make the 386 
microprocessor chip because of 
secret scheming by Intel 
Corp., Santa Clara, Calif., in 
violation of a 1982 cooperative 
agreement between the two. 
The judge ruled that the four- 





year statute of limitations for an- 
titrust actions had run its course 
before Advanced Micro filed its 
suit last August. Advanced 
Micro still has several other 
claims pending against Intel. 


DEC 19. Computer scientist 
Misha Mahowald of the 
California Institute of Technol- 
ogy, Pasadena, and neuroscien- 
tist Rodney Douglas of Oxford 
University, England, said they 
have collaborated to produce a 
tiny electronic device—a silicon 
neuron—that mimics the be- 
havior of a human brain cell. 
Like a human nerve cell, the de- 
vice sends electrical signals that 
can fade or grow stronger. 


DEC 26. IBM Corp. said it had 
agreed to allow Hitachi Ltd., 
Tokyo, to resell IBM-made note- 
book computers in Japan under 
the Hitachi name. IBM said 
Hitachi would buy at least 2000 
computers a month, beginning in 
April. The machines will resem- 
ble the IBM PS/55 notebook, 
which is configured to operate in 
both English and Japanese. 


DEC 31. The Federal Aviation 
Administration, Washington, 
D.C., said it had selected Har- 
ris Corp., Melbourne, Fla., to 
produce a $1.7 billion air traffic 
control system to be installed na- 
tionwide over the next 14 years. 
The equipment links air traffic 
controllers to each other by tele- 
phone and to pilots by radio. 


JAN 2. United Telecommuni- 
cations Inc., Kansas City, Mo., 
said it would become the sole 
owner of U S Sprint by buying 
the remaining 19.9 percent from 
GTE Corp., Stamford, Conn., 
for $530 million. The purchase 
caps United Telecom’s takeover 
of the third largest U.S. long- 
distance carrier, created through 
the merger of United Telecom’s 
and GTE’s long-distance units in 
1986. 


JAN 6. Market researcher Data- 
quest Inc., San Jose, Calif., 
said Intel Corp., Santa Clara, 





Calif., passed Motorola Inc., 
Schaumburg, Ill., to become the 
largest U.S. manufacturer of 
semiconductors in 1991. 
Analysts attribute Intel’s rise in 
large part to the near monopoly 
it has had on the supply of 386 
and 486 microprocessors. 


JAN 6. LSI Logic Corp., San 
Francisco, said it would drop out 
of Sematech Inc., the Austin, 
Texas, semiconductor consorti- 
um, citing disagreements with 
the group’s agenda and its own 
financial situation. The move 
comes as Sematech is seeking 
Government approval to con- 
tinue its $200 million program— 
half provided by the Department 
of Defense and half by member 
companies—for another five 
years after its charter expires in 
October. 


JAN 6. The National Aero- 
nautics and Space Adminis- 
tration said it will eliminate 
5000 space shuttle jobs over five 
years, so it can fund a lunar base 
and a flight to Mars. The cuts— 
to be achieved through attrition 
and layoffs—would leave about 
20 000 shuttle jobs nationwide. 


JAN 9. Officials at Israel’s lead- 
ing technology institute, Tech- 
nion in Haifa, said they had pur- 
chased two supercomputers 
from a British manufacturer, 
Meiko Scientific Ltd. of 
Bristol, England, for $1.2 mil- 
lion. The machines are at the 
lower end of the supercomputer 
speed scale, but are the first to 
be sold for export without tight 
restrictions on their use, such as 
those required for machines sold 
by U.S. and Japanese companies. 


Preview: 

FEB 3-MAR 3. The 1992 World 
Administrative Radio Con- 
ference is to be held in Tor- 
remolinos, Spain, to set treaty- 
level agreements on issues af- 
fecting international radio regu- 
lations, including spectrum allo- 
cations [see pp. 20-33]. 


COORDINATOR: Sally Cahur 
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Rec PR We\ienSelennu: 


The plowshare 


problem 

By DONALD CHRISTIANSEN 

Converting military contractors into 
civilian businesses may fail because a 
commercial venture requires 
management to take greater risks than 
defense companies are used to. Skeptics 
say a bulldozer is needed—to clear away 
the old business, or at least the old 
management. 


SPECIAL REPORT 


By EDWARD E. REINHART, ROBERT M. 
TAYLOR, ANN 0. HEYWARD, and 
JOEL MILLER 





David Morrow. AT&T Microelectronics 












Hughes Aircraft Co. 


Testability on TAP 
By COLIN M. MAUNDER and RODHAM E. TULLOSS 


Loaded digital logic circuit boards can be readily tested thanks to IC makers’ acceptance of a 
standard approach to implementing boundary-scan testing on ICs. Speeding the test process 
is the development of chips to handle the test, such as those on this boundary-scan master 
die. Each chip can serve as an intelligent interface between a unit under test and a tester. 


APPLICATION/INSTRUMENTATION 
Digital storage 


scopes advance 
By THOMAS A. DYE and 

ERIK TEOSE 

New color and display techniques 


for digital storage oscilloscopes 
allow for more meaningful views, 








Now in session, what may be the final 


World Administrative Radio Conference as well as complex statistical 
will allocate spectrum to many types of measurements. For example, the 
telecommunication services brought color-graded display in the 
about by major new technologies. photograph shows intensity 
Existing telecommunication satellites, variation on the crossing of an 
such as Hughes Aircraft Co.’s Intelsat eye pattern signal. 


VI-F5 (above) beam their transmissions 
at frequencies allocated to the fixed 
satellite service. 
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COMMUNICATIONS/R&D 
42 Switching to 


photonics 
By H. SCOTT HINTON 


Switching based on the interaction 
between photons and electrons promises 
high capacity and connectivity to 
telecommunications switching offices of 
the near future. Hardware like this AT&T 
Bell Laboratories 16-channel-in, 32- 
channel-out photonic switch is starting to 
appear, and other projects are under way 
around the world. 








46 Charles R. Trimble 


By TEKLA S. PERRY 

The Global Positioning Satellite (GPS) 
may be the world’s newest free 
resource—and Charles Trimble is 
capitalizing on it. The 10 000 GPS 
receivers he shipped during the Persian 
Gulf War were just the start as Trimble 
seeks military and civilian applications. 


49 Hawaii boils 


By GLENN ZORPETTE 

Although once thought relatively benign 
in environmental terms, a series of 
proposed geothermal plants in Hawaii 
has drawn fire from environmentalists 
and others. 
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Cover: Poised in space in this artist’s 
rendering is the Advanced Communications 
Technology Satellite (ACTS), which the 
National Aeronautic and Space Administration 
has scheduled to start 20/30-GHz 
multipurpose communications in 1993. 

See p. 32 

Credit: GE Astro Space 
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Software reviews 


A neural-network-based tool 

by Mark Shewhart 

AIM is a machine learning tool that com- 
bines neural network techniques and statisti- 
cal modeling to build mathematical models 
(AIM Networks) of the relationships pres- 


AIM Version 1.1. 
Ablech Corp. software 
for building mathematical 
models of relationships 
present in a database 
of examples. The version 


reviewed requires an 

IBM PC or compatible, 

MS-DOS 33 or higher, 

640K RAM (can use extended memory), a hard 
drive with at least 2 Mbytes of free space. US 
$1500. Versions for Apple Macintosh and Unix 
workslations available. 


ent in a database of examples. Developed by 
AbIech Corp., Charlottesville, Va., AIM 
operates on a wide range of computer sys- 
tems, including IBM PCs and compatibles, 
Macintoshes, and Sun workstations running 
Unix. 

Developing an AIM Network begins with 
the collection of a large database of exam- 
ples in ASCII format. AIM then automati- 
cally splits these examples into two distinct 
databases: a training data set for generating 
the mathematical model, and a test data set 
for evaluating the model. Once generated, 
the model can be evaluated automatically on 
the test data set, queried interactively, or 
encoded as C code. With pull-down menus 
and dialog boxes, AIM’s user interface 
guides the novice through this process so 
smoothly that he or she can begin applying 
the tool immediately, with little reference to 
the documentation. 

AIM is well documented and far easier to 
learn and use than any other neural network 
development tool I have evaluated. I learned 
to use it in less than half an hour and have 
not needed the documentation since. 

AIM’s learning/modeling algorithms are 
relatively fast. My current work with AIM 
involves large databases of examples (8000 
at most) with about 20 independent vari- 
ables. On a 286 machine with a math co- 
processor, AIM required about 8 hours 
to construct a model of a problem with 
8000 examples of data involving 21 variables 
each. The same problem, when approached 
with a more conventional neural network 
algorithm developed at the National Aero- 
nautics and Space Administration and run- 
ning on a DEC Micro-VAX under Unix, 
required over 24 processor hours and still 
did not provide an adequate solution. 

AIM’s user-friendly interface and ease of 








application make it far and away the most 
practical machine learning tool available on 
the market today. While AIM embodies a 
very powerful mathematical modeling tool, 
its true power is the ability of the non- 
specialist to apply it; after all, regardless of 
how much potential a tool has, it is useless 
if only a few can apply it. Contact: AbTech 
Corp., 700 Arris St., Charlottesville, Va., 
22901; 804-977-0686; or circle 105. 


Mark Shewhart is an artificial-intelligence systems 
engineer for the Center for Supportability and Tech- 
nology Insertion at Wright-Patterson Air Force Base 
in Ohio. 

AIM was developed with the support of the Stra- 
tegic Defense Initiative (SDI) Organization, part of the 
Department of Defense in Washington, D.C. 


Interactive visualization 

by John L. Schmaizel 

PV-Wave, a workstation-based package for 
the visualization and analysis of technical 
data, runs interactively in a Point & Click 
(P&C) version, allowing rapid access to a full 
range of file access, analytic, and graphical 
features. For my evaluation, a Sun SparcSta- 


PY-Wave P&C. 
Precision Visuals Inc. 
Software for data 
analysis and visualization. 
The version reviewed, 1.0, 
is for Sun Microsystems 


workstations running 
under Sunview, requiring 
16 Mbytes of main 
memory, 35 Mbytes for program storage, and 50- 
60 Mbytes for swap space. $4500 for a single 
floating license. Versions for many other 
workstations available. 











tion IPC with 8 Mbytes of memory was 
used, though 16 Mbytes is recommended. 
Sample data sets included those provided 
with the package and sample image files 
available from an ongoing project. 

Installation was simple, and the ‘‘Getting 
Started with...’’ tutorial was easy to follow 
and informative. It included step-by-step in- 
structions on how to perform several anal- 
ysis and display samples, while at the same 
time giving a good indication of the range of 
capabilities of PV-Wave P&C. 

One striking feature of PV-Wave P&C is 
the variety of data formats it can import or 
export; examples are American Standard 
Code for Information Interchange (ASCII), 
comma-separated variables (CSV), binary, 
tagged image file format (TIFF), raster im- 
ages, and custom. Once in the system, data 
can easily be viewed in tabular format for 
editing and verifying the results of selection 





and subsetting operations. PV-Wave P&C 
makes it possible to handle very large data 
sets, in particular to assist in homing in on 
segments of interest using coarse analysis 
and visualization. 

Data visualization is a key strength of PV- 
Wave P&C. Available ‘‘view windows,”’ 
which are the windows in which data views 
are presented, include two-dimensional 
line or scatter, contour, surface, image, ani- 
mation, and table. By moving between the 
display types, a user may try out several 
ways of visually interpreting data and anal- 
ysis sets to see which works best. Displays 
can be monochrome, gray scale, or color 
(16-256). 

On the weak side, PV-Wave P&C’s use of 
mouse keys takes some getting used to for 
those familiar with click and drag methods 
of selection. But perhaps the biggest prob- 
lem I experienced was the slowness of some 
procedures. This is most likely due to my 
8-Mbyte memory limit, yet it works well for 
other ‘‘large’’ applications. No guidance was 
given in the manuals for tuning a system for 
maximum performance. Furthermore, with- 
out benchmark data, it is impossible to know 
how fast things are supposed to be. 

What’s the bottom line? Considering the 
array of analysis and visualization features 
it offers, I think PV-Wave P&C should be 
seriously considered by workstation users, 
particularly those performing a variety of 
WHAT IF analyses on data sets. Contact: Pre- 
cision Visuals Inc., 6260 Lookout Rd., Boul- 
der, Colo. 80301; 303-530-9000; fax, 303- 
530-9329; or circle 106. 


John L. Schmalzel, Ph.D, PE., is an associate profes- 
sor of EE in the Division of Engineering at the Univer- 
sity of Texas at San Antonio; 512-691-5515. 





COORDINATOR: Gadi Kaplan 


Recent Software © 


NeWSnprint 2.0. Allows users to print files 
from any computer to any printer on a net- 
work. For Sparc-based workstations. US 
$695. SunPics, 2550 Garcia Ave., Mountain 
View, Calif. 94043-1100; 415-960-1300; fax, 
415-969-9131; or circle 107. 





Eiffel/S. Compiles Eiffel, an object-oriented 
language, into a source code in C. For MS 
DOS for 286-, 386-, and 486-based PCs; 
OS/2; and Atari TOS. $595 (MS DOS), 
$1200 (OS/2), $185 (Atari TOS). Interactive 
Software Engineering Inc., 270 Stroke Rd., 
Suite 7, Goleta, Calif. 93117; 805-685-1006; 
Jax, 805-685-6869; or circle 108. 
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Outstandingly Simple and Reliable because LiSBUS™ is 
based on a breakthrough technology which uses the impe- 
dance of the bus cable to replace binary addresses. Conse- 
quently, data transmission management is greatly simpli- 
fied and much more reliable than today's equivalent sys- 
tems which require expensive sofware, hardware, and 
personnel investments. 


Outstandingly Practical because is it easy to install and 
easy to operate. No special tools, workbench, or electronics 
expertise are needed. Anyone can be up and running in 
minutes. Just plug in the external modules and configure 
the system with the user-friendly LiSpus' Link Control 
Software. Each external module measures only around 
2in. by 2in. 


Outstandingly Flexible because a user can connect up to 
60 peripherals or computers to a controlling computer 
through their RS-232C (COM) ports. To add peripherals, 
just extend the bus cable and add modules. 


Atan Unbeatable Price because at $650* for the LiSBus™ 
Starter Pack, no alternative can offer all these advantages 


* specifications and prices subject to change without prior notification 


Visa and MasterCard/EuroCard accepted. - CommNexus™ and LiSBUS™ are trademarks of GIGATEC SA. 


Presents 


of the 1990’s for today’s data transmission problems. 


ae RS-232C 
RS-232C 





combined into one product without spending a much higher 
amount. The Starter Pack includes all the user needs to 
connect four peripherals and a complete set of LiSBus'™ 
Development Tools to create custom applications. 


LiSBus™: 
A product of our new CommNexus"™ line of communication systems. 


Special Pre-release Offer: you can receive 
the LiSBUS™ Starter Pack at the special pre- 
release price of $550. Just call or mail in your 
order by February 29, 1992, at the latest. De- 
liveries will begin early March. 


For more information and ordering contact: 


In the USA and Canada: In Europe: 
Toll Free (800) 945-3002 
Mon.-Fri. 9am - 9pm EST 


GIGATEC (USA). Inc. 

871 Islington Street 
Portsmouth, NH 03801 USA 
Tel. (603) 433-2227 

Fax (603) 433-5552 


GIGATEC SA 

Ch. des Plans-Praz 

1337 Vallorbe SWITZERLAND 
Tel. 41 21 843 37 36 

Fax 41 21 843 3325 
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International Conference on Intelli- 
gent Control and Instrumentation (Sin- 
gapore Section); Feb. 18-21; Hilton Inter- 


Meetings, Conferences and Conventions 


International Solid State Circuits 
Conference-ISSCC (Solid State Circuits 
Council, et al.); Feb. 19-21; San Francisco 
Hilton Hotel, San Francisco; Diane Suiters, 
Courtesy Associates Inc., 655 15th St., 
N.W., Suite 300, Washington, D.C. 20005; 


national, Singapore; R. Devanathan, 200 | 202-347-5900; fax, 202-347-6109. 
Jalan Sultan, 11-03 Textile Centre, Singapore 
0719; (65) 291 9690; fax, (65) 292 8596. 





Applied Power Electronics Conference 





la 
Nat 


SuperKit: When Development Time : 


is as Critical as Compute Time 


SuperCard i860-based vector processors are superfast, more than 2.5 
GigaFLOPS of raw multiprocessor power, but then you'd expect that. The real 
news is SuperKit, a robust software toolkit which cuts development time to 
the bone and gets you up and running superfast. 

Fortran, C and ADA compilers... the industry’s largest scientific subroutine 


like environment... CASE tools... and much more. 

And talk about versatility... from 6U VME boards to fully packaged multi- 
processor systems to MIL spec units... large memories... peripheral I/O 
mezzanine boards... SuperCard has it all. 

Find out how you can benefit from SuperCard and Superkit solutions just 
right for you. Call or write CSPI, 40 Linnell Circle, Billerica, MA 01821. 
1-800-325-3110. Or 617-272-6020. Fax: 508-663-0150. 


STF” csp 
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and Exposition (PEL); Feb. 23-27; Wes- 
tin Hotel, Boston; Melissa Widerkehr, 
Courtesy Associates Inc., Suite 300, 655 
15th St., N.W., Washington, D.C. 20005; 
202-639-4990; fax, 202-347-6109. 


Compcon Spring ’92 (C); Feb. 24-28; Ca- 
thedral Hill Hotel, San Francisco; IEEE 
Computer Society, Conference Department, 
1730 Massachusetts Ave., N.W., Washing- 
ton, D.C. 20036-1903; 202-371-1013; fax, 
202-728-0884. 


First International Fuzzy Systems 
Conference (COM, IE, NN); March 8-12; 
Town and Country Hotel, San Diego, Calif.; 
Nomi Feldman, Meeting Management, 5665 
Oberlin Dr., Suite 110, San Diego, Calif. 
92121; 619-453-6222. 


Fourth International Strategic Soft- 
ware Systems Conference (C, et al.); 
March 10-11; Von Braun Civic Center, 
Huntsville, Ala.; University of Alabama at 
Huntsville, Conference Office, SB/Box 309, 
Huntsville, Ala. 35899; 205-895-6372 or 
800-448-4035; fax, 205-895-6760. 


Southcon ’92 (Region 3); March 10-12; 
Orange County Convention/Civic Center, 
Orlando, Fla.; Electronic Conventions 
Management, 8110 Airport Blvd., Los An- 
geles, Calif. 90045; 213-215-3976 or 800- 
877-2668. 


18th Annual Northeast Bioengineer- 
ing Conference (EMB); March 12-13; 
University of Rhode Island, Kingston, R.I.; 
William J. Ohley, Electrical Engineering 
Department, University of Rhode Island, 
Kingston, R.I. 02881; 401-792-2505. 





IEEEmembers attend more than 5000 IEEE 
professional meetings, conferences, andcon- 
ventions held throughout the world each year. 
For more information on any meeting inthis 
guide, write or callthe listed meeting contact. 
Informationis also available from: Conference 
Services Department, IEEE Service Center, 
445 Hoes Lane, Box 1331, Piscataway, N.J. 
08855; 908-562-3878; submit conferences 
for listing to: Ramona Foster, EEE Spectrum, 
345E. 47th St., New York, NY. 10017; 212-705-7305. 

For additional information on hotels, conference 
centers, and travel services, see the Reader 
Service Card. 
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Generate contours, surfaces, and cross- 
sections from random X, Y, Z points. 


NEW push-button “mouse-menus” 
allow easy access to frequently used 
features. 


Presentation graphics and analysis for scientific users. 


Your technical data requires more muscle 
and sophistication than basic business 
graphics and plotting packages can 
provide. It’s simply a matter of using the 
right tool for the job. In addition to 
publication-quality graphics, you need 
powerful analysis tools and capabilities 
such as Graftool’s @ Intelligent Data 
Cursor™ to read out data points on curves 
& surfaces @ Linear & non-linear curve- 
fitting # Unlimited zoom & rotation 

& Multiple axes in linear, log, or proba- 
bility scales # Advanced data handling, 
allowing over 268,000,000 data points 

® Powerful scientific spreadsheet which 
can directly read your Lotus or ASCII files 
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Easily create complex curves & 
surfaces with the graphical Formula- 


SHADY 





File: 











Choose from 26 graph types for 


oe ere yeuer m z FI ae 
pee business, technical, & scientific data. 
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Filter Response 


Launch of the Space Shuttle Discovery 
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Altitude vs | 
Longitude 
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Automate customized graph creation 
with pre-recorded macro & batch files. 





Integrate 2-D and 3-D data ona single 
graph to add meaning and impact. 


= Unrestricted placement of graphs & text 
® Direct compatibility with Microsoft Word 
& WordPerfect. 

With Graftool, all this power and 
flexibility purr quietly under the hood, 
while pop-up menus and push-buttons 
bring an ease of use previously unheard 
of in scientific software. Just “point & 
process” with increased productivity and 


greater understanding. 
GRAFTOOL — the right tool for your 3-D VISIONS 
technical solutions. ee 
tai 
GRAFTOOL $495. oll Free for Details 


@ Interactive demo available 
@ Academic discounts. 
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1-800-729-4723 


2780 Skypark Drive, Torrance, CA 90505 





Last Time You 
nsurance? 


Face it — it’s been a long time. A lot has changed since then. Your 
family. Maybe your job. And more than likely, the amount and types of 
coverage you need from your insurance program. That’s why you need 

insurance that can easily adapt to the way your life changes — IEEE 
Group Insurance Program. 


We Understand You. 


Finding an insurance program that’s right for you isn’t easy. But as 
a member of IEEE, you don’t have to go through the difficult and time 
consuming task of looking for the right plans — we’ve done that work 
for you. What’s more, you can be sure the program is constantly 
being evaluated to better meet the needs of our members. 


We're Flexible. 


Updating your insurance doesn’t have to be a hassle. With our 
plans, as your needs change, so can your coverage. Insurance 
through your association is designed to grow with you — it even 

} moves with you when you change jobs. 


We’re Affordable. 


What good would all these benefits be if no one could afford 
them? That’s why we offer members the additional benefit of rea- 
) sonable rates, negotiated using our group purchasing power. Call 
1 800 424-9883 (in Washington, D.C., (202) 457-6820) between 
8:30 a.m. and 5:30 p.m. Eastern Time for more information about 
these insurance plans offered through IEEE: 


Term Life ¢ Disability Income Protection 
Comprehensive HealthCare « 
Excess Major Medical « In-Hospital « 
High-Limit Accident ¢ Long Term Care 
e Medicare Supplement « Cancer Expense 





IEEE Insurance 
Designed for the way you live today. 
And tomorrow. 
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Mathlype. The best thing for 


@ writing equations since chalk. 
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(What You See 
Is What You 
Get) interface. 
Over 175 mathemat- 
ical symbols and 
templates, conven- 
iently arranged in 
pull-down menus. 


MathType has pull-down menus containing templates and mathematical symbols. You 
select the symbols and MathType automatically formats your work 


is as easy as filling in the blanks. 


quality technical documents easily 
and quickly. 






PC/Windows version: $249 
Mac version: $149 


Mathlype 


EQUATIONS FOR WORD PROCESSING 
Design Science Inc., 4028 Broadway, Long Beach, CA 90803 


1-800-827-0685 


With MathType, equation writing 


Now you can create typeset- 











_! 


WERE 
LOOKING FOR 
EVIDENCE 
INTELLIGENT 

LIFE. 


If you have evidence of intelli- 
gence test scores which put you in 
the top 2% of the population —for 
example, 1250 or better on the SAT*— 
then you already qualify to join 
Mensa. We also accept the GRE (1250), 
Miller Analogies (66), Stanford 
Binet (132) and other tests (scores 
must be accompanied by a $15 evalua- 
tion fee). Send in this coupon for 
more information. 


é 
i 
| OF 


Name 


Address 


MENSA 


Co The High IQ Society. 


Send to: MENSA, Dept. SP22, 2626 East 
14th Street, Brooklyn, NY 11235-3992 
Or call: 1-800-66MENSA 
*1300, if you took the test prior to September 1977. 
mm 
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MathType is compatible with most Microsoft Windows and Macintosh word processing and desktop publishing applications. 
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DIRECTOR OF 
EDUCATIONAL ACTIVITIES 


We are the world’s largest professional engineering society and are currently 
seeking a senior level executive to head up our Educational Activities Depart- 
ment. The Director manages a staff which, working closely with volunteer boards 
and committees, is responsible for the development, acquisition and delivery 
of our Continuing Education programs which include seminars via satellite, short 
courses, individual learning programs, and home study. In addition, this depart- 
ment is responsible for coordinating the IEEE effort in support of ABET in the 
accreditation of programs in the areas of Electrical, Electronics and Computer 
Engineering and related technology programs. 

The ideal candidate has an advanced degree in Electrical Engineering, with 
experience as a project manager and an educator in an industry and/or univer- 
sity environment. However, others with equivalent education and experience will 
also be given consideration. A strong business orientation and excellent inter- 
personal skills are mandatory. 

This position is based in central New Jersey and requires some travel. We 
offer a competitive salary plus comprehensive benefits package. 

For consideration, please send your confidential resume, including salary his- 
tory, to: 

THE INSTITUTE OF ELECTRICAL 
AND ELECTRONICS ENGINEERS, INC. 
Human Resources Director 

345 East 47th Street 

New York, NY 10017 


Equal Opportunity Employer M/F/H 
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No one can light up your products like Stanley. 





We're an industry leader in optoelectronics devices, office products, printers or POS 
— one of the world’s largest manufacturers terminals, take a look at our proven capa- 
of LEDs and LCDs. bility in high contrast, backlit LCDs. 

We're able to combine our expertise in With Stanley’s brightness, uniformity and 
LEDs, cold cathode fluorescent lamps, and reliability, the advantages are clear. For free 
EL products with LCD technology to pro- catalogs filled with specifications and design 
duce displays that exactly match your data, call your local Stanley distributor. Or 
design requirements. call Stanley direct. And see for yourself. 

Whether your application is medical 1-800-LED-LCD1. 
instrumentation, telecommunication RU a 

BIA am RELL 


I I Stanley Co. Inc., 2661 Gates Avenue, Irvine, CA 92714 © Tel: 714-222-0777 © Fax: 714-222-0555 
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Fourth International Conference on 
Microelectronic Test Structures (ED); 
March 17-19; Catamaran Resort Hotel, San 
Diego, Calif.; Michael W. Cresswell, Nation- 
al Institute of Standards and Technology, 
B360 Technology, Gaithersburg, Md. 20899; 
301-975-2072; fax, 301-975-2128. 


International Zurich Seminar on Dig- 
ital Communications (Region 8); March 
17-19; Swiss Federal Institute of Technolo- 








gy, ETH-Zentrum, Zurich; Anne Schicker, 
Box CH-8340, Hinwil, Switzerland; (41+1) 
937 2447; fax, (41+1) 938 1557. 


Multichip Module Conference (ED); 
March 17-20; Cocoanut Grove, Santa Cruz, 
Calif.; Simon Wong, Stanford University, 
Electrical Engineering Department, CIS 
202, Stanford, Calif. 94305; 415-725-3706. 


Packaging, Interconnects, Optoelec- 
tronics for the Design of Parallel Com- 
puters (LEO); March 18-19; Hyatt Regency 
Woodfield, Schaumburg, Ill.; IEEE/LEOS, 





ANNOUNCING THE 1992 IEEE 
VIDEO- 









March 26 


Making High Performance Optoelec- 
tronic Data Communications Work 
April 30 

Workstations of the Future 

May 28 

Environmental Issues and Impact to 
Engineers 





ae = ness or University. 


Upcoming 1992 Videoconferences 


1992 IEEE Videoconference Rates 
Corporate Rate: $1,800, taping on-site: $400 
University Rate: $850, taping on-site: $200 


Subscribe To All Six Programs and Save Up To $3,300 
Network Pricing Can Save You Up To 70% 
Per site prices are substantially reduced for corporations and universities 
licensing more than one site. Large corporate networks (over 60 sites) may 
reduce their per site costs by as much as 70%! 


To order or for information call, 
Judy Brady: 908 562-3991 or fax 908 981-8062 


IEEE Marketing Department 
445 Hoes Lane, PO Box 1331 #® Piscataway, NJ 08855-1331] 













Six Videoconferences 
on Topics Critical in 
Computing and 
Electronics - 
Broadcast Live Via 
Satellite To Your Busi- 










September 30 
Emerging Technologies: Will Your 
Company Be Ready? 

October 29 

How Will We Broadcast HDTV 


December 3 
Getting Rid of Interference 

























Circle No. 26 


8F 








445 Hoes Lane, Box 1331, Piscataway, N.J. 
08855; 908-562-3894; fax, 908-562-1571. 


International Workshop on Intelligent 
Signal Processing and Communica- 
tion Systems (C); March 19-20; Interna- 
tional Convention Center, Taipei, Taiwan; 
Naohisa Ohta, NTT Transmission Systems 
Laboratories, 1-2356, Take Yokosuka-shi 
238-03, Japan; (81) 468 59 2072; fax, (81) 
468 59 3014. 


International Conference on Acous- 
tics, Speech and Signal Processing 
(SP); March 23-26; San Francisco Marriott, 
San Francisco; Marcia A. Bush, Xerox 
PARC, 3333 Coyote Hill Rd., Palo Alto, 
Calif. 94304; 415-494-4391. 


Sixth International Parallel Process- 
ing Symposium (C); March 23-26; Bever- 
ly Hilton Hotel, Beverly Hills, Calif.; IEEE 
Computer Society, Conference Department, 
1730 Massachusetts Ave., N.W., Washing- 
ton, D.C. 20036-1903; 202-371-1013; fax, 
202-728-0884. 


International Reliability Physics Sym- 
posium (ED); March 30-April 2; Town and 
Country Hotel, San Diego, Calif.; Harry 
Schafft, National Institute of Standards and 
Technology, Building 225, Room B360, 
Route 270, Quince Orchard Road, Gaithers- 
burg, Md. 20899; 301-975-2234; fax, 301- 
948-4081. 


11th Annual International Phoenix 
Conference on Computers and Com- 
munications (C, COM); April 1-3; Wynd- 
ham Paradise Valley Resort, Scottsdale, 
Ariz.; Joseph Urban, Department of Com- 
puter Science and Engineering, College of 
Engineering and Applied Science, Arizona 
State University, Tempe, Ariz. 85287-5406; 
602-965-2774; fax, 602-965-2751. 


Network Operations and Management 
Symposium (COM); April 6-9; Peabody 
Hotel, Memphis, Tenn.; Jill Pancio, Pacific 
Bell, 7620 Convoy Court, San Diego, Calif. 
92111; 619-268-6135; fax, 619-292-1509. 


Southeastcon ’92 (Region 3, et al.); April 
12-15; Wynfrey Hotel, Birmingham, Ala.; 
Wayne Owen, South Central Bell, 600 N. 
19th St., Birmingham, Ala. 35203; 205-321- 
2299. 


Intermag ’92 (MAG); April 13-16; Adams 
Mark Hotel, St. Louis, Mo.; Courtesy As- 
sociates, Inc., 655 15th St., N.W., Suite 300, 
Washington, D.C. 20005; 202-639-5088. 


Fourth International Conference on 
(Continued on p. 8H) 
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PV-WAVE" 
q TRANSFORMS 
DATA 


Attempting to analyze stacks of raw data 


can be frustrating if they can’t be transforme 

















into meaningful information that you can INTO 
DISCOVERY 
easily understand and use. Trends, relation- 
ships, insights, even breakthroughs, can 
remain buried unless you can unlock your data. 
The key is PV-WAVE and The Visual Data 
Analysis Software from Precision Visuals. 
PV-WAVE combines graphics with image a F 
; i : : ““PV-WAVE gives me the power 
processing, surface rendering, and anima- ihe ae fue? 
tion, allowing you to visually analyze and eforaphe capable?” 
Analytical Engineer 


United Technologies Hamilton Standard 


interpret your data. 





WELL DONE. 


With PV-WAVE, you can actually see 
your data, navigate through it, and display 


meaningful results. And, depending on 

your application, choose from point and click 
or command language versions for your 

Sun, DEC, HP, IBM, and SGI workstations 
and multi-user systems running UNIX, 
ULTRIX, and VMS. 

If you’re a scientist, engineer, researcher, 
or analyst who needs to turn raw data into 
well done results, call us today and ask about 
our no-risk, 60-day money-back guarantee! 


Call Chris Logan today for your free video demo or evaluation copy of PV-WAVE. 


1-800-447-7147 


PV-WAVE 


The Visual Data Analysis Software 


; Precision Visuals, Inc. 6280 Lookout Road Boulder, Colorado 80301 USA (308) 530-9000 


©1991 Precision Visuals, Inc. 





Circle No. 33 






PY-WAVE is a trademark of Precision Visuals, Inc. 
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Indium Phosphide and Related Materi- 
als (ED); April 21-24; Newport Sheraton, 
Newport, R.I.; Susan Evans, IEEE/LEOS 
Executive Office, 445 Hoes Lane, Box 1331, 
Piscataway, N.J. 08855-1331; 908-562-3896; 
fax, 908-562-1571. 


Seventh Conference on Semi-Insulat- 
ing IIJI-V Materials (ED); April 21-24; 
Krystal Hotel, Ixtapa, Mexico; William Ford, 
Harris Microwave Semiconductor, 1530 





TECHNICAL SPEC 
OPTICS. 


OPEN STOCK 
OFF THE SHELF 
CONTINUAL PRODUCTION 


SYSTEMATIC SCIENTIFIC 
MATRIX 


QUANTITY PRICING 
TECHNICAL DATA 





McCarthy Blvd., Milpitas, Calif. 95035; 
408-433-2222; fax, 408-432-3268. 


Custom Integrated Circuits Confer- 
ence—CICC ’92 (ED); May 3-6; Westin 
Copley, Boston; Laura Morihara, Conven- 
tion Coordinating, 47-344 Waihee Rd., 
Kaneohe, Oahu, Hawaii 96744; 808-239- 
4790. 


Industrial and Commercial Power Sys- 


FREE Reference Catalog for Your Technical Library. 


@ Positioning 
Equipment 

@ Fresnel Lenses 

@ Mirrors 

@ Erecting Systems 

@ Optical Instruments 


Optical Testing 
Equipment 

@ Lenses 

@ Prisms 

@ Beam Splitters 

@ Iris Diaphragms 
Dept. 12B1, N920 Edscorp Bldg., Barrington, NJ 08007-1380 USA 
For Inquiries-By Phone: 1-609-573-6280 


@ Microscopes 
@ Lasers 

@ Filters 
Optical Flats 
@ Fiber Optics 
@ Collimators 


By Fax: 1-609-573-6295 
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202-457-4932. 


tems Technical Conference (IA, et al.); 
May 4-7; Sheraton-Station Square Hotel, 
Pittsburgh; Dave Shipp, Westinghouse 
Corp., 750 Trumbull Dr., Pittsburgh, Pa. 
15205; 412-429-7430. 


International Conference on Com- 
puter Systems and Software Engineer- 
ing—Compeuro ’92 (C, Region 8, et al.); 
May 4-7; Netherlands Congress Center, the 
Hague; P.M. Dewilde, Delft University of 
Technology, Department of Electrical En- 
gineering, Mekelweg 4, 2628 CD Delft, the 
Netherlands; (31+15) 7850 89. 


International Symposium on Circuits 
and Systems—ISCAS ’92 (CAS); May 
10-13; Sheraton Harbor Island Hotel, San 
Diego, Calif.; Stanley A. White, 433 E. 
Avenida Cordoba, San Clemente, Calif. 
92672; 714-498-5519. 


International Conference on Robotics 
and Automation (RA); May 10-15; 
Acropolis Convention Center, Nice, France; 
H. Hayman, Box 3216, Silver Spring, Md. 
20918; 407-483-3037; fax, same number. 


Microwave Power Tube Conference 
(ED); May 11-13; Naval Postgraduate 
School, Monterey, Calif.; Ralph Nadell, Pali- 
sades Institute, 201 Varick St., New York, 
N.Y. 10014; 212-620-3341. 


Vehicular Technology Conference (VT, 
Denver Section); May 11-13; Regency Hyatt 
Hotel; Jim Schroeder, Department of En- 
gineering, University of Denver, 2390 South 
York St., Denver, Colo. 80208-0177; 303- 
871-3519. 


Electro ’92 (Region 1, et al.); May 12-14; 
Hynes Convention Center, Boston; Elec- 
tronic Conventions Management, 8110 Air- 
port Blvd., Los Angeles, Calif. 90045; 213- 
215-3976; fax, 800-877-2668. 


Instrumentation and Measurement 
Technology Conference (IM, et al.); May 
12-14; Meadowlands Hilton Hotel, Secau- 
cus, N.J.; Robert Myers, 3685 Motor Ave., 
Suite 240, Los Angeles, Calif. 90034; 213- 
287-1463; fax, 213-287-1851. 


Symposium on Worldwide Advances in 
Communication Networks (COM); May 
14-15; George Mason University, Fairfax, 
Va.; Telecommunications Laboratory, ECE 
Department, George Mason University, 
Fairfax, Va. 22030-4444; 703-993-1566. 


42nd Electronic Components and 
Technology Conference (CHMT); May 
18-20; Sheraton Harbor Island Hotel, San 
Diego, Calif.; Peter J. Walsh, Electronic In- 
dustries Association, 2001 Pennsylvania 
Ave., N.W., Washington, D.C. 20006-1903; 
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GET YOUR HANDS ON 

THE WORLD'S MOST 
WIDELY-READ 
ENGINEERING/SCIENTIFIC 
MAGAZINE 


See us in Booth #106 at ICASSP '92 
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Winter of opportunity 


The special report on the Gulf War legacy 
[September] was excellent, especially Glenn 
Zorpette’s ‘‘From factory floor to desert 
war’’ because it so clearly highlighted the 
material supply logistics problems. The 
same kinds of problems are being ex- 
perienced by the USSR in regard to its wor- 
sening food shortages. With sufficient moti- 
vation, the Gulf legacy could be extended 
to answer this growing need. 

Often we have been told that food distri- 
bution rather than food production has been 
at the heart of recent shortages. What if the 
technology, lessons, and determination of 
the Gulf War supply were applied to this 
problem? Can the motivation be found? Who 
would benefit? 

The starving would benefit: they would 
get the food. The newly independent repub- 
lics would benefit: they would get the tacti- 
cal know-how. The USSR central govern- 
ment would benefit: it would get the 
strategic know-how. The U.S. Defense 
Logistics Agency would benefit: it would 
practice improving its supply systems. U.S. 
defense contractors would benefit: they 
would sell more equipment. U.S. taxpayers 
would benefit: their dollars would go farther 
and be spent building up U.S. information 
capabilities. The world would benefit: it 
would see the newest swords turned to food 
distribution also needed in Africa. 

The Gulf legacy could grow to be a world 
legacy. If the IEEE does not initiate this 
soon, will anyone? 

J. E. Drummond 
Otis, Ore. 





An earlier CMOS patent 


The article by Michael J. Riezenman on 
“‘Wanlass’ CMOS circuit’ [May, p. 44] ap- 
propriately pointed out Wanlass’ significant 
contributions to the silicon complementary 
insulated-gate field-effect inverter structures 
and their application to CMOS logic circuits. 
The patent cited, however (U.S. 3 356 858, 
F. M. Wanlass, ‘‘Low Stand-by Power Com- 
plementary Field Effect Circuitry,” filed 
June 18, 1963, issued Dec. 6, 1967), is not 
the first to propose the low-power inverter 
circuit, nor is it the first to describe its use 
in the CMOS memory element, in which low 
standby current is essential. 

An RCA patent (U.S. 3 191 061, P.K. 
Weimer, ‘‘Insulated-gate Field Effect 
Devices and Electrical Circuits Employing 
Such Devices,”’ filed May 31, 1962, issued 
June 22, 1965) shows in its Fig. 19b the cir- 








cuit of the basic four-transistor flip-flop 
memory element used in CMOS. Each 
branch of the flip-flop is a complementary 
insulated-gate field-effect inverter consist- 
ing of an n-type transistor in series with a 
p-type transistor. 

The sources of the n transistors are con- 
nected to ground, the sources of the p tran- 
sistors are connected to a positive potential 
source, and the connection between the n 
and p drains in each branch provides the out- 
put of that inverter. For bistable operation, 
each inverter output is connected to the two 
input gates of the opposing inverter. 

To achieve low-power operation, 
enhancement-type insulated-gate transistors 
are used, so that the standby current in each 
inverter is cut off, regardless of whether its 
output is high or low. Figure 19a of the RCA 
patent illustrates a possible layout for the 
proposed circuit using thin-film transistor 
(TFT) technology. 

Many of the claims to complementary cir- 
cuits in this patent are generic to various 
types of complementary insulated-gate tran- 
sistors, whether fabricated by thin-film tech- 
niques or by silicon MOS technology. 

I question the value of an article publiciz- 
ing the contributions of one person to an in- 
dustrywide development such as CMOS, 
without proper reference to the contribu- 
tions of many others. The more conventional 
method of individual recognition—for exam- 
ple, Wanlass’ receipt of the 1991 Solid State 
Circuit Award—seems far more appropriate. 

Paul K. Weimer 
Princeton, N.J 


From digital to analog 


The October 1991 issue featured an article 
“Video compression makes big gains’ 
[pp. 16-19]. The other engineers used to tell 
me: ‘‘You can’t do that!’’ Well, I was doing 
it for voice band signals at that time. Video 
bandwidth compression by large ratios was 
a further extension in the technique, as dis- 
closed in my patent #3 349 184 and an arti- 
cle in EDN Magazine of May 1973. We built 
anumber of pieces of equipment with band- 
width compression/expansion (BC/BE) ra- 
tios of 2, 3, 5, and 10, and one that had 
switchable ratios of 1.5, 2, 2.5, 3, and 4. 
There was a problem with dynamic range 
that could have been handled with a com- 
pander which was not then available. Even 
so, performance was quite good. 

I did a system study on BC/BE on video 
signals, but did not have the financial 
resources to do the development. What I 

(Continued onp. 14) 
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Capital C 


Those of us who work with computers and 
software have enough trouble using them 
without involving ourselves in how to capital- 
ize the names of software languages and 
operating systems. While there is little stan- 
dardization at present, two basic styles have 
emerged. 

The most common is to capitalize all the 
letters in computer language names that are 
acronyms. In fact, most computer languages 
are acronyms: BASIC (Beginner’s All- 
purpose Symbolic Instruction Code), 
COBOL (COmmon Business Oriented Lan- 
guage), FORTRAN (FORmula TRANsla- 
tion), APL (A Programming Language), 
JOVIAL Gules’ Own Version of the Interna- 
tional Algebraic Language), SNOBOL 
(StriNg Oriented symBOlic Language), 
LISP (LISt Processing), ALGOL (AL- 
GOrithmic Language), and so on. 

While this style is simple, a word having 
only capital letters tends to break the flow 
of the sentence and make the text harder to 
read. To avoid this, some publications 
(EEE Spectrum among them) hold that any 
five-or-more-letter acronym that can be pro- 
nounced like an English word should have 
only the initial letter capitalized, as, for ex- 
ample, Fortran and Basic. But RPG or PL/1 
could not be written in this manner. As with 
any writing style, consistency is the key; 
FORTRAN and Fortran should not be mixed 
in the same text, for instance. 

Regardless of which of these two styles 

is used, languages named after people 
should have only the initial letter capitalized. 
Here is a partial list of some of the more 
popular programs and operating systems that 
are not acronyms, along with their rules of 
capitalization and brief etymologies. 
Ada. In the late 1970s the U.S. Department 
of Defense was awash in myriad program- 
ming languages. The task of auditing pro- 
grams written in Cobol, Fortran, and other 
languages was proving very costly to the 
Government. 

To bring some semblance of order, the 
department commissioned a new stan- 
dardized language that could be used for 
embedded systems, and would incorporate 
features for data abstraction, multitasking, 
and exception handling. 

The resulting language, Ada, was named 
after Augusta Ada Byron, Countess of 
Lovelace, and the daughter of Lord Byron, 
the British poet. She was a close friend and 
patron of Charles Babbage, a pioneer in the 
development of calculating machines. Her 
independent ways made her a modern 
woman by today’s standards, but a rather 
scandalous figure in her own time. Certain- 








Technically speaking 


ly her curiosity and intelligence were of great 
help to Babbage, and she is regarded by 
some as the first computer programmer. Be- 


. cause the language is named after a person, 


only the first letter is capitalized. 

C. The precursor to the C programming lan- 
guage was, appropriately enough, B, which 
was the offspring of yet another language 
named BCPL (Basic Combined Program- 
ming Language). C was written in the early 
1970s by Dennis Ritchie, then a systems 
programmer at Bell Laboratories and now 
best known as the co-author of the seminal 
The C Programming Language (Prentice- 
Hall, Englewood Cliffs, N.J., 1988). 

The naming convention ends with C, 

though; the successor to C is C++. (At one 
time, according to The New Hacker’s Dic- 
tionary, published last year by MIT Press, 
Cambridge, Mass., there was some concern 
about whether the successor to C should be 
D or P, based on either alphabetical order 
or the letters in BCPL.) When writing about 
the C and C++ languages, always capital- 
ize them, and never put them in quotation 
marks. 
FORTH. FORTH is a high-level, extensi- 
ble language that combines features of both 
interpreted and compiled languages. Con- 
trary to popular belief, the name is not an 
acronym. FORTH took shape in the late 
1960s, and some of its first uses were for the 
control of radio telescopes and other astro- 
nomical equipment. 

The original name was to be FOURTH, 
for fourth-generation computer language. 
Unfortunately, the IBM 1130 computer it 
was developed on could accept only five- 
letter identifiers, so the name was shortened 
to FORTH. The consensus is to capitalize 
it as FORTH, but Forth would be just as 
proper using the alternative style described 
above. 

Pascal. Pascal was created in 1971 by the 
Swiss Niklaus Wirth as a tool to teach struc- 
tured language programming. Named after 
the famous 17th century mathematician 
Blaise Pascal, it embodied a simple, struc- 
tured approach, similar to its namesake’s 
scientific and religious philosophies. Pascal, 
like Ada, is not all capitals, because it is 
named after a person. 

Modula-2. This is a modular Pascal-based 
language, also created by Wirth. Only the 
first letter of Modula-2 is capitalized because 
it is not an acronym. 

UNIX. Contrary to popular belief, UNIX 
is not an acronym. An interactive time- 
sharing operating system developed at Bell 
Laboratories, it started out as a simpler ver- 
sion of a multi-user operating system that 
was called MULTICS (MULTIplexed Infor- 
(Continued on p. 14) 
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planned was BC/BE for storage or transmis- 
sion over telephone lines, for example. With 
analog components available now, it would 
be noticeably easier than 20 years ago. 

Why use analog BC/BE? Present technol- 
ogy of analog-to-digital and digital-to-analog 
converters makes digital audio work very 
well, or sol am told. If BC is performed first 
on any signal, the digital bandwidth can be 
greatly reduced without significant loss of 
information (sampling can take place at a 
lower rate). The required bandwidth can be 
greatly reduced without noticeable informa- 
tion loss. 

The mathematical basis for my BC/BE is 
quite simple, but the technology is appar- 
ently difficult. I was informed that some peo- 
ple at a highly respected laboratory attempt- 
ed to duplicate my work, but did not 
succeed. My thought on the matter was that 
digital engineers do not understand analog 
electronics very well. 

Harvey Morgan 
Winnsboro, Texas 


Quick change 


The editorial on metric conversion [May, 
p. 25] prompted me to write. In Australia, 
metrication was introduced about a decade 
ago with fair success, because at the outset 
several major changes were made. All mile- 
stones and speed limits were changed vir- 
tually overnight countrywide. All sporting 
activities were redefined in metres/kilo- 
metres. All weather information was given 
in metric terms. For a time it was illegal to 
import dual-calibration measuring tools, but 
this is no longer the case. 

Because of existing wide machinery re- 
quirements, most fasteners below 12 inch or 
12 mm are stocked in Imperial sizes, but 
above that metric is standard and Imperial 
is special. In my home workshop I tend to 
conceive projects in feet and inches but now 
actually work in millimetres as this is so 
much more convenient. 

If you want to speed up your changeover 
in the United States, you might use the trick 
of getting the mass of the people involved by 
converting sporting activities and auto activi- 
ties to metric. Then it will only take a couple 
of generations to complete the changeover. 

R. S. Philip Amos 
Mosman, Australia 
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(Continued from p. 12) 
mation and Computing Service). 

In its early incarnation, UNIX was a 
single-user system—hence the wnt in its 
name. Author Karla Jennings in The Devour- 
ing Fungus: Tales of the Computer Age (WW. 
Norton, New York, 1990), relates the hu- 
morous but likely apocryphal story that the 
early, scaled-down version of UNIX was 
missing so many ‘‘vital parts’ that it was 
jokingly referred to as Eunics, and only later 
renamed UNIX. 

As a registered trademark of AT&T Co., 

UNIX should always be capitalized. Howev- 
er, the development of competing versions 
by other organizations has led the popular 
press to use Unix (with only the initial let- 
ter capitalized) when discussing all versions 
of the language collectively. UNIX is also oc- 
casionally seen as UN*X to avoid trademark 
restrictions, while Spectrum’s style is to 
capitalize only the initial letter of 
trademarks. 
XENIX. This operating system for the IBM 
PC and compatibles is similar to Unix. It is 
a registered trademark of Microsoft Corp., 
and so, like Unix, it should be capitalized, 
though it is seen in Spectrum and elsewhere 
with only the first letter capitalized. 








Catronics? 


As engineers, we suppose our profession to 
be one based on careful observation and 
study. But it is a little-known fact that the 
name electronics is itself the result of an an- 
cient misunderstanding. 

The word electron derives from the Latin 
electrum, which in turn derives from the 
Greek elektron (Eta Lambda Epsilon Kappa 
Tau Rho Omicron Nu). It means amber, the 
fossil, and also an amber-colored, silver-gold 
alloy. The word appears often in classical 
Greek texts, and Homer mentions it in his 
Odyssey. It was the first, middle, and last let- 
ters of elektron that gave its name to Eta 
Kappa Nu, the international electrical en- 
gineering honor society. 

Electron took on its modern meaning 
when ancient Greek philosophers discov- 
ered that an amber rod, after being rubbed 
with wool, would attract small bits of paper. 
Although we now know static electricity to 
be the force involved, the Greeks attribut- 
ed the mysterious properties to the amber 
rod—hence our use of the words electron 
and electricity today. 

One wonders what name might have 
evolved had the early Greeks been able to 
replace the wool and amber rod with a rub- 
ber balloon and a cat. 
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An electrifying story 
Ronald Kline 





Electrifying 
America: Social 
Meanings of a New 
Technology, 1880- 
1940. Nye, David E., 
MIT Press, Cambridge, 
Mass., 1990, 479 pp., 
$29,965. 


LECTAIAATN 


David E, Nye 








In this splendid book, David Nye, a histori- 
an and American Studies scholar at the 
University of Copenhagen in Denmark, 
opens a new era in our understanding of 
electricity in U.S. life. 

Unlike most historians, Nye concentrates 
on the ordinary people who used electrici- 
ty instead of the inventors, engineers, and 
businessmen (like Thomas Edison, Charles 
Steinmetz, and Samuel Insull) who produced 
and distributed it. Such social history is dif- 
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ficult to do well because of the paucity of 
written and oral remarks by users, but Nye 
has overcome these problems to a great de- 
gree by analyzing the cultural meanings of 
electricity as reflected in magazine articles, 
advertisements, novels, catalogs of world 
fairs, and many other sources. 

He begins by describing how electricity 
transformed Middletown (Muncie, Ind.), the 
city made famous by Robert and Helen Lynd 
in their sociological study of the 1920s. 
Middletown’s street lighting, trolley cars, 
and factories, homes, and farms underpin 
the book’s organization, as Nye explores the 
social history of each in turn. The sequence 
corresponds roughly to the order of electrifi- 
cation in the United States: utilities in- 
troduced electricity in crowded cities by 
lighting the Great White Way, then extend- 
ed trolley lines out radially to create ‘‘street- 
car suburbs,’’ which also tied these early 
suburbanites to the urban center. 

Electricity was thus a public, urban ex- 
perience and was viewed as a luxury good 
until utilities developed the industrial mar- 
ket before World War I and the home mar- 








ket thereafter. Home economists and 
builders played key roles in the latter de- 
velopment, while the Federal government’s 
Rural Electrification Administration (1935) 
sped up dramatically the rate at which farms 
were connected to central station service. 

Nye observes that the adoption of elec- 
tricity ‘‘had profound consequences for the 
design of the city, the craft of the theater, 
the structure of the factory, the ambience 
of the home, the landscapes of art and pho- 
tography, transportation systems, systems 
of communication, and forms of security—in 
short, for the total social construction of real- 
ity, including the futures that Americans im- 
agined.’’ Yet he also recognizes that these 
results were ‘‘culturally determined,’’ and 
that powerful groups like electrical manufac- 
turers, utilities, and the Federal government 
influenced the kind of electrical system we 
have today. 

Electricity never fulfilled the utopian vi- 
sions that Americans of all political persua- 
sions held—that it would clean up the cit- 
ies, decentralize industry, and create a 
“‘rururban’’ paradise. But, as Nye says so 
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Department of Electrical Engineering 


Reference No 48/17 





Applications are invited for a position as a Girling Watson 

Research Fellow to work with the Fibre Optics and Photonics 

group in the area of fibre optic communications and optical signal 

processing. The applicants should have strong research p 
experience, preferably with a background in optical fibres, 

lightwave technology or high speed signal processing. The project 

involves research into active fibre systems for wideband 

communications and signal processing, using special application- 

specific optical fibre devices. Applicants should have a PhD, with 

demonstrated research and development capabilities. 


The appointment is available for a period of three years subject to 
submission of an annual progress report. 

For further information contact Associate Professor R A Minasian 
on +612 692 2241 or fax +612 692 3847. 

Salary: LevelB $A39,463 - $A48,688 per annum 
Applications, quoting reference no., including curriculum vitae 
and the names, addresses, and phone nos., of two referees, 
to the Assistant Registrar(Appointments), Staff Office 
(KO7), The University of Sydney, N.S.W. Australia, 2006 
(FAX + 612 692 4316) by Monday 17th February 1992. 
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¢ Easy to use Waveform Processing 
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The ICAPS simulation system allows an engineer to enter a circuit into the 
computer and evaluate its behavior before actually building the circuit. It 
includes 4 integrated modules. SpiceNet (shown above), is a schematic entry 
program that generates a complete Spice netlist and alleviates many of the 
headaches associated with older Spice programs. PreSpice adds extensive 
Spice libraries with over 1200 devices, as well as the ability to easily add your 
own models. The IsSpice module runs on all PC computers and performs the 
actual AC, DC, time, noise, fourier, and temperature analyses. Special 
extended RAM versions capable of simulating large circuits are available. The 
last module, IntuScope, displays and measures the IsSrice output data. 


For information and your Free Demonstration Kit wa 


Write Intusoft P.O. Box 710 San Pedro, CA 90733-0710 «-«- 
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eloquently, these visions were an important 
part of the social meaning of a new technol- 
ogy. Electricity came packaged in a ‘‘famil- 
iar blend of technology, ceremony, popular 
enthusiasm, salesmanship, public relations, 
private interests, and politics that promoters 
combined in electrifying America’ (p. 391). 
My only complaint is that we hear from 
few ordinary people—how they thought or 
felt about this new technology. I hope Nye 
and others follow this extraordinary study 
with attempts to capture directly the social 
meanings described here so well. 





Ronald Kline (M) is an assistant professor of the his- 
tory of technology at Cornell University in Ithaca, NY. 
He is the author of the forthcoming Steinmetz: En- 
gineer and Socialist (Johns Hopkins University Press, 
Baltimore, Ma.). 





COORDINATOR: Glenn Zorpette 
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Application Environment Specification (AES), 
Revision B. Open Software Foundation, 
Prentice-Hall, Englewood Cliffs, N.J., 1991, 
1083 pp., $39. 














Iterative Identification and Restoration of Im- 
ages. Lagendijk, Reginald L., and Biemond, 
Jan, Kluwer Academic, Norwell, Mass., 
1991, 208 pp., $67.50. 


The M68000 Microprocessor Family: fundamen- 
tals of assembly language programming and In- 
terface design. Lin, Yu-cheng, Prentice-Hall, 
Englewood Cliffs, N.J., 1991, 449 pp., $52. 


Norton Utilities 5.0: an Illustrated tutorial. 
Evans, Richard, Windcrest Books, Blue 
Ridge Summit, Pa., 1991, 343 pp., $26.95. 


Intelligent Manufacturing Systems. Kusiak, 
Andrew, Prentice-Hall, Englewood Cliffs, 
N.J., 1991, 443 pp., $48. 


Computational Electronics: semiconductor 
transport and device simulation. Ed. Hess, K., 
et al., Kluwer Academic, Norwell, Mass., 
1991, 268 pp., $75. 


Survey of Advanced Microprocessors. Veronis, 
Andrew, Van Nostrand Reinhold, New York, 
1991, 268 pp., $49.95. 


16-Bit and 32-Bit Microprocessors: architec- 
ture, software, and interfacing techniques. 
Singh, Avtar, and Triebel, Walter A., 
Prentice-Hall, Englewood Cliffs, N.J., 1991, 
577 pp., $54. 





Frontiers of Space: Space Commerce. McLu- 
cas, John L., Harvard University Press, 
Cambridge, Mass., 1991, 240 pp., $24.95. 


Computers, Interfaces and Communication Net- 
works. Collin, Serge, Prentice-Hall, Engle- 
wood Cliffs, N.J., 1991, 109 pp., $25.80. 


Advances In Speech Coding. Eds. Atal, Bish- 
nu S., et al., Kluwer Academic, Cambridge, 
Mass., 1991, 378 pp., $85. 


Very High Speed MOS Devices. Ed. Kohyama, 
Susumo, Oxford University Press, New 
York, 1991, 544 pp., $175. 


Analytical, Numerical, and Computational 
Methods for Science and Engineering. Hostet- 
ter, Gene H., et al., Prentice-Hall, Engle- 
wood Cliffs, N.J., 1991, 488 pp., $48. 


Introduction to Semiconductor Materials and 
Devices. 7yagi, M.S., John Wiley & Sons, 
Somerset, N.J., 1991, 669 pp., $62.95. 


Gallium Arsenide Digital Circuts. Wing, Omar, 
Kluwer Academic, Norwell, Mass., 1991, 
188 pp., $55. 


Basic Communication Skills for Technology. 
Rutherford, Andrea J., Prentice-Hall, Engle- 
wood Cliffs, N.J., 1991, 334 pp., $28. 
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We brought you PSpice — the world’s most popular mixed analog and 
digital circuit simulator. Now we bring you the Design Center — the 

E universal analog and digital circuit design environment! Offering 
integrated schematic capture, mixed-mode simulation, and graphical 
waveform analysis, the Design Center will take you and your circuit 
design from conception to realization with ease and efficiency. Here’s how! 


¢ Define circuits graphically, selecting from over 4,000 analog and 1,700 
digital devices and symbols maintained in our libraries (or create your own). 


i ¢ Run PSpice simulations directly from the circuit drawing. These 


i features are standard: analog behavioral modeling, Monte Carlo and 


ae sensitivity/worst-case statistical analyses, and event-driven digital 
simulation including worst-case timing. 


¢ View analog and digital waveforms simultaneously along a common 


time axis, while remaining within your circuit drawing environment. Interactively visualize simulation results in a variety of ways by 
applying expressions, user-defined functions, performance analysis, and many more functionalities. 


Whether you run with our full-featured configuration with schematic capture, or with one of our reduced configurations, the 
Design Center will provide you with the most comprehensive system for circuit design available today. 


We're making mixed analog and digital circuit design the standard! Why not make it yours! For further information on 
MicroSim Corporation’s Design Center, call toll free at (800) 245-3022 or FAX at (714) 455-0554. 
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Mathematica 2.0: 
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technical computing 





“The importance of the program cannot be overlooked... it so 
fundamentally alters the mechanics of mathematics.” 
New York Times 


“Mathematica has the potential to change the world of science at 
least as much as word processing has changed the world of writing. 
InfoWorld 


“Mathematica is a startlingly good tool.” 
Nature 


Macworld 1991 World Class Software Award Survey 
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Mathematica has also received best software/new product 

awards from: 
Macworld, 1990-91 
Discover, 1990 
BYTE, 1989 


MacUser, 1989 
Business Week, 1988 
InfoWorld, 1988 


Mathematica is currently available for: 


MS-DOS 386, Microsoft Windows, Macintosh, CONVEX, 

DG AViiON, DEC VAX (ULTRIX and VMS), DEC RISC, HP 9000, 
Apollo, IBM RISC System/6000, MIPS, NeXT, Silicon Graphics, 
Sony, Sun-3, and SPARC. 


Prices in U.S. and Canada start at $595. Educational discounts and student versions are available. 


Wolfram Research, Inc., 100 Trade Center Drive, Champaign, IL 61820-7237, USA 
217-398-0700; fax: 217-398-0747; email: info@wri.com 


Wolfram Research (UK) Ltd., P.O. Box 114, Abingdon, Oxon 0X13 6TG, United Kingdom 
+44 (235) 550 440; fax: +44 (235) 550 445; email: info-uk@wri.com 
© 1991 Wolfram Research, Inc. Mathematica is a registered trademark of Wolfram Research, Inc. 


Mathematica is not associated with Mathematica Inc., Mathematica Policy Research, Inc., or MathTech, Inc. 
All other product names mentioned are trademarks of their producers. Photo: George Rehrey 





Available across PC, Macintosh, Unix, and VMS 
platforms, Mathematica includes a full range of 
interactive numerical, graphical, and symbolic 
computation capabilities, all linked to the power- 
ful built-in Mathematica language. Mathematica 
2.0 adds still more features to the proven leader 
in technical computing software, including 
sound generation and flexible external program 
communication. 

Mathematica has rapidly become the standard 
for technical computing, with more than a dozen 
textbooks, a quarterly journal, and several newslet- 
ters devoted to the system. Mathematica is in use at 
all of the 50 largest U.S. universities, all of the 
technical Fortune 50 companies, and most of the | 
world’s larger engineering firms. In fact, more than 
100,000 technical professionals and students 
around the world are working with Mathematica 
every day. 

To find out what Mathematica can do for you, call 
Wolfram Research at 1-800-441-MATH. 
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ill traditional military contrac- 
tors like Northrup, McDonnell 
Douglas, General Dynamics, 
and Grumman survive the 
cutbacks in military spending? 

Continuing force reductions for these 
companies and others like them sharpen the 
concern about their viability. 

Are they broad based enough, or poten- 
tially so, to take up the slack through non- 
military projects? 

John E. Montague, Martin Marietta 
Corp.’s vice president for corporate de- 
velopment, recently addressed a small group 
of journalists on the topic. Montague cited 
differences in corporate culture between 
government and commercial businesses as 
among the most serious blocks to success- 
ful conversions. 

A government contractor is accustomed 
to risking a reasonably definite sum of 
money to win (or lose) a contract, writing 
off the investment in the case of a loss, and 
reaping a reasonably predictable profit in the 
case of a win. 

Commercial ventures, on the other hand, 
are potentially much more profitable, but the 
risks are greater, particularly as they are af- 
fected by market conditions and compe- 
tition. 

Because of greater constraints and the 
consequent conservative behavior of 
management in the government and 
military areas, some question its en- 











The plowshare problem 


competitive with that kind of burden. 

Historically, military contractors have 
sought to convert by acquiring healthy com- 
panies in the commercial area, but there is 
a scarcity of success stories to cite. An ex- 
ception may be Amana Refrigeration Inc., 
acquired by Raytheon Corp. in 1965. But 
often acquisitions and mergers of commer- 
cially and defense-oriented organizations, 
which seemed logical at the time, did not 
work as well as their planners had hoped. 
Sperry-Rand comes to mind, for one. Even 
when the marriage is not a shotgun mar- 
riage—driven by the civilian conversion 
objective—a promising mating may not 
work, as is the case of Emerson and Hazel- 
tine. Analysts usually fall back on cultural 
differences as the best explanation for dis- 
appointing results in such mergers. 

General Electric Co. envisioned applying 
its systems engineering strengths to the field 
of hydroponically grown tomatoes back in 
1973. Grumman Corp. marketed aluminum 
canoes in 1977, and later, metropolitan transit 
buses. None of these attempts to diversify 
was notably successful, and all were subse- 
quently sold off. 

Because military contractors are adept at 
large projects, Montague said, that’s where 
they should start when thinking about con- 
version to civilian markets. His own Bethes- 
da, Md.-based company, Martin Marietta, 
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thus has looked to expansion of its postal au- 
tomation systems business, in which it has 
incorporated high-technology equipment 
such as high-speed package scanners. He 
sees this kind of business as similar to mili- 
tary contracting and an opportunity to move 
away from military work at the same time. 
Another example of an organization using its 
military experience to tackle large civilian 
projects is Hughes Aircraft Co.’s highway 
system automation. 

Meanwhile, as they hope to start up or ac- 
quire profitable commercial product lines, 
military contractors in the United States are 
cooperating in a defensive measure aimed 
at keeping them alive by dividing the shrink- 
ing military market. They bid in teams on 
the smaller number of available projects, so 
that there will be fewer losers. A single con- 
tractor may be part of several bidding teams. 
Not all observers see that as a healthy trend. 
Believing there are too many shipyards and 
too many fighter plane makers for the limited 
demand, they would prefer the Federal 
government to facilitate mergers by 
‘‘whispering in the ears of CEOs,’’ as 
against imposing an outright ban on team 
bidding. 

The problem of conversion is not confined 
to the United States. Eastern and Western 
Europe confront a similar challenge. East- 
ern Europe and former member nations of 

the Soviet Union face even more 
dire and fundamental problems of 





trepreneurial capacity and its will- 
ingness to take needed risks in the 
commercial marketplace. Govern- 
ment contractors are accustomed to 
bureaucratic procedures and an 
oversight system that may account 
for up to 30 percent of the value of 
acontract. As Montague phrased it, 
such an organization requires a cost- 
ly internal auditing system so that 
external auditors are unlikely to find 
anything untoward. Commercial or- 
ganizations obviously cannot be 





producing for civilian needs. 
Some skeptics, when they ana- 
lyze economies that were support- 
ed heavily by military needs, sug- 
gest that a bulldozer may be the 
best way to convert. Say others, 
while this may have been success- 
ful and even necessary after World 
i War II, the only thing that needs 
« bulldozing now, in the United States 
or elsewhere, is management. 


Gus Sauter 


Donald Christiansen 
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WARC’s last act? 


At 1992's World Administrative Radio 

Conference, telecommunications delegates from 
around the world will allocate spectrum to old 
and new types of radiocommunications, some of 
which may eventually displace existing services 
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SPECIAL REPORT/TELECOMMUNICATIONS 





rom Feb. 3 to March 3 
more than 1000 delegates 
representing most of the 
world’s countries will be 
gathering in Torremolinos, 
Spain, for the 1992 World 
Administrative Radio Con- 
ference for Dealing with 
Frequency Allocations in Certain Parts of the 
Spectrum (WARC-92). The aim of the con- 
ference is to set treaty-level agreements on 
issues affecting the international radio regu- 
lations, including spectrum allocations, that 
will govern wireless communications into 
the 21st century. 

The delegates, most of them tele- 

communication experts, will decide how to 
revise the existing radio frequency alloca- 
tions to accommodate new global satellite 
and terrestrial communication technologies 
and services and how to meet the growing 
demand for existing services. Those deci- 
sions will determine which new types of 
radio services can be implemented as well 
as how and when, choices that will influence 
the development of new techologies and 
their applications for decades to come. But 
because some of the proposed revisions to 
the frequency allocations could displace 
other long-existing services to other fre- 
quency bands, they are the focus of inter- 
national controversy. 
WHY SO IMPORTANT? WARC-92 is one of a 
long series of World Administrative Radio 
Conferences organized as the need warrants 
by the International Telecommunication 
Union (ITU), Geneva, Switzerland. The 
ITU is the specialized agency of the United 
Nations whose responsibilities include de- 
veloping and periodically revising the inter- 
national radio regulations. 

On the average, WARCs occur about 
every two years. WARC-92 will be smaller 
than the so-called general World Adminis- 
trative Radio Conferences (held most re- 


Edward E. Reinhart Consultant 
Robert M. Taylor and Ann O. Heyward 

National Aeronautics and Space Administration 
Joel Miller Legal Consultant 








Artist’s concept shows the European Space 
Agency’s proposed European Remote Sensing 
Satellite ERS-1 over Arctic terrain. The sta- 
tus of allocations for communication links 
Srom the earth to such scientific research satel- 
lites will be considered at the 1992 World Ad- 
ministrative Radio Conference (WARC-92), 
to be held this month in Spain. 
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Radio spectrum up for study at WARC-92 








Broadcasting service-high frequency 


Portions of the radio 
spectrum to be consid- 
ered for allocations at 
WARC-92 range from 3 





MHz to more than 150 
GHz. They cover a range 
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cently in 1979), at which there is no restric- 
tion on either the frequency bands or the 
radiocommunication services that can be 
considered for change. On the other hand, 
WARC-92 will be larger than most of the 
specialized conferences that have been held, 
such as WARC-77, which was concerned 
only with a single service and a single fre- 
quency band (the broadcasting-satellite ser- 
vice in the bands between 11.7 and 12.5 
GHz). 

Although WARC-92 stops short of includ- 
ing all services and all frequencies, it will 
cover a great part of the spectrum—from 3 
MHz to over 150 GHz. It will also cover a 


Amateur service: a radiocommunication service 
that licensed operators with no pecuniary interest 
use for self-training, communication, and technical 
investigations. 

Broadcasting-satellite service (BSS): a radio- 
communication service in which signals transmit- 


ted or retransmitted by satellites are used for direct 


reception by the general public. 

Broadcasting service: a radiocommunication ser- 
vice in which the transmissions, including sound 
and television, are intended for direct reception by 
the general public. 

Downlink: a radio link from a satellite to a receiv- 
ing site on earth or in an aircraft. 

Feeder link: a radio link between an earth station 
and a satellite, conveying information for a space 
radiocommunication service other than a fixed- 
satellite service. In the broadcasting-satellite service, 
all feeder links are uplinks (from the earth to the sat- 
ellite), but in the mobile-satellite service, feeder links 
can be both uplinks and downlinks. 


Reinhart, Taylor, Heyward, and Miller—WARC’s last act? 
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* In International Telecommunication Union Regions 1 and 3 only. 
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wide range of radiocommunication services, 
particularly those whose existing allocations 
do not allow for certain new technologies and 
applications. This year’s program also con- 
trasts with some past allocation conferences, 
which were concerned mainly with accom- 
modating further growth of heavily used ser- 
vices without significantly changing the na- 
ture or technology of the service. 

For example, WARC-92 will be the first 
conference to consider commercial commu- 
nication applications of satellites in low earth 
orbits (LEO) and highly elliptical orbits 
(HEO)—those ranging from several hundred 
to several thousand kilometers above the 





Fixed-satellite service (FSS): a radiocommuni- 
cation service between earth stations at given fixed 
positions via one or more satellites. 

Fixed service: a point-to-point radiocommunica- 
tion service between specific fixed stations on the 
earth. 

Frequency allocation: a band of radio frequencies 
identified by an upper and lower frequency limit ear- 
marked for use by one or more of the 38 terrestrial 
and space radiocommunication services defined by 
the International Telecommunication Union under 
specified conditions. 

Frequency allotment: the designation of portions 
of an allocated frequency band to individual coun- 
tries or geographical areas for a particular radiocom- 
munication service; for a satellite service, specific 
orbital positions may also be allotted to individual 
countries. 

Frequency assignment: authorization given by a 
nation’s government for a station or operator in that 
country to use a specific radio frequency channel 
under specified conditions. 

Geostationary satellite orbit (GSO): a circular 


= Frequency range for new allocations 





same frequencies, mak- 
ing events at WARC-92 
more controversial than 
many earlier con- 
Jerences. 


earth’s surface. Previous communication 
services have largely been offered from 
satellites in geostationary satellite orbit 
(GSO)—a 24-hour circular equatorial orbit 
about 35 900 km above the earth’s surface, 
from which a satellite revolving in the same 
direction as the earth appears nearly fixed 
in the sky. 

Finally, WARC-92 could well be the last 
of the WARCs. The ITU is now restructur- 
ing itself and its conferences and is also con- 
sidering possible changes to the procedures 
for allocating frequencies [see ‘‘The Inter- 
national Telecommunication Union,”’ p. 22]. 

Three new types of services made possi- 


orbit approximately 35 900 km above the earth, in 
the plane of the earth's equator, in which a satellite 
revolves around the earth in the same time that the 
earth rotates on its axis; thus the satellite appears 
approximately stationary over one point on the earth. 
Low earth orbit (LEO): any orbit around the earth 
substantially below the geostationary satellite orbit, 
generally within several hundred kilometers above 
the earth's surface and usually inclined to the 
equatorial plane. 

Mobile service: a radiocommunication service be- 
tween mobile and fixed stations, or between mobile 
stations. Depending on whether one or more of the 
earth stations are on land, sea, or air, the service 
would be called land mobile, maritime mobile, or 
aeronautical mobile. 

Mobile-satellite service (MSS): a service that 
links mobile earth stations with base stations and 
with one another via one or more satellites. 
Radiocommunication: telecommunication using 
radio waves. 

Uplink: a radio link from a site on the earth or from 
an aircraft to a satellite. 
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ble by recent technological developments 
are high on the list for consideration. 
FAR-REACHING. Probably the most far- 
reaching is universal personal telecommu- 
nications, wherein every person in the world 
would be able to carry a handheld wireless 
telephone that can be reached regardless of 
location—eventually even far from urban 
areas, out on the ocean, or ina desert. Offi- 
cially known as the future public land-mobile 
telecommunication system (FPLMTS) by 
the ITU, the service is expected to include 
satellites in LEO or geostationary orbit to 
extend existing and future generations of cel- 
lular mobile systems to geographical areas 
where such terrestrial systems are not eco- 
nomically feasible [see ‘‘Mobile communi- 
cations,’’ pp. 27-29]. 

The second new application is known as 
digital audio broadcasting (DAB), a technol- 
ogy that permits compact-disc-quality sig- 
nals to be received on handheld or vehicu- 
lar receivers without the fading and 
distortion sometimes experienced with AM 
and FM radio reception at the edges of ser- 
vice areas. DAB systems can employ either 
terrestrial or satellite transmitters, or a com- 





bination of the two. Satellite broadcasting re- 
quires a new allocation to the broadcasting- 
satellite service earmarked for sound (BSS- 
Sound), which will also accommodate com- 
plementary terrestrial broadcasting. 

The third upcoming technology, some- 
what further in the future, is wide-rf-band 
high-definition satellite television (W- 
HDTV). This is the name given to broadcast 
signals that would be capable of reproduc- 
ing in the home the full detail of the signal 
generated in the studio, comparable to the 
best 70-mm Dolby-equipped movie houses. 
Some current proposals advocate a new 
worldwide allocation to the broadcasting- 
satellite service that can be divided into 
channels up to 100 MHz wide [see ‘‘Broad- 
casting,’’pp. 24-26]. 

Besides these three new technologies, 
other radio applications are vying for first- 
time allocations. Particularly important for 
the 21st century is one that would set up 
communications for future operations in 
space—for example, high-bandwidth data 
relay between the international Space Sta- 
tion Freedom and the earth or manned space 
exploration of the moon, Mars, and other 


The International Telecommunication Union 


The International Telecommunication Union (ITU) is 
the United Nations’ specialized agency dealing with 
telecommunications. Its three main purposes are: 
to maintain and extend international cooperation over 
improvement and sensible use of telecommunica- 
tions of all kinds; to promote the development of 
telecommunication facilities and make them, so far 
as possible, generally available to the public; and 
to harmonize the actions of nations seeking these 
common ends. 

Working through international conferences, tech- 
nical publications, and world exhibitions, the ITU is 
a union of about 168 member countries (the num- 
ber changes as formerly separate nations are re- 
unified or parts of formerly united countries achieve 
independence). With few exceptions, the ITU mem- 
ber countries are the same as those of the United 
Nations. 

The ITU’s headquarters near the Place des Na- 
tions in Geneva, Switzerland, houses its five perma- 
nent organs. One is the ITU General Secretariat, 
which sponsors the World Administrative Radio Con- 
ferences that write the International Radio Regula- 
tions governing the use of radiocommunication ser- 
vices throughout the world. 

A second is the Bureau of Telecommunication De- 
velopment, which provides technical support that 
helps develop telecommunication systems and ser- 
vices in developing nations. 

A third organ, the International Frequency Regis- 
tration Board (IFRB), receives notifications of the fre- 
quencies that countries propose to assign to their 
radio stations and examines them for conformity with 
the ITU’s radio regulations. The IFRB also assists 
governments in following the regulatory procedures 
for avoiding harmful interference among stations, 
and maintains the international frequency register 
of stations that have completed those procedures. 
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The other two permanent ITU organs are the In- 
ternational Radio Consultative Committee (CCIR) and 
the International Telegraph and Telephone Consul- 
tative Committee (CCITT). They deal respectively with 
the technical problems of radio (wireless) commu- 
nications and the technical problems of telegraph 
and telephone (wireline) communications. 

Through specialized study groups, each Consul- 
tative Committee develops international recommen- 
dations for radio or wireline communications equip- 
ment and protocols, and publishes them in a set 
of volumes called CCIR or CCITT Recommendations. 
These recommendations influence telecommunica- 
tion scientists and engineers, operating administra- 
tions and companies, and manufacturers and 
designers of equipment throughout the world. The 
“standards’’ that they contain are regarded as man- 
datory by some administrations, although the Unit- 
ed States and some other countries tend to view 
them as advisory. 

An important part of the CCIR’s work is prepar- 
ing the technical bases for the decisions to be made 
at a WARC. For WARC-92, this work was carried out 
over the last two years by a series of Interim Work- 
ing Parties (IWPs) established by the CCIR Study 
Groups responsible for the radiocommunication ser- 
vices affected by WARC-92. 

WARCs are responsible for reviewing and updat- 
ing the International Radio Regulations, including 
the International Table of Frequency Allocations and 
the procedures for using the allocations. The radio 
regulations that emerge are also concerned with the 
standards for equipment, the levels of radiation, and, 
in general, many of the technical characteristics (an- 
tenna patterns, frequency and polarization plans, 
maximum radiated powers, levels of permissible in- 
terference, and the like) of the terrestrial and satel- 
lite systems that operate in the frequency allocations. 





solar system bodies [see ‘‘Space commu- 
nications,’’ pp. 30-33]. 

In addition, a number of proposals would 
expand the allocations for existing services 
that are nearing saturation: those whose lack 
of spectrum prohibits their being able to ac- 
commodate existing or predicted future traf- 
fic demands. One example is shortwave or 
high-frequency (HF) broadcasting. Others 
include additional allocations to the mobile- 
satellite services for satellite communica- 
tions with ships, aircraft, and land vehicles, 
and to the terrestrial mobile services for 
aeronautical public correspondence and pri- 
vate land-mobile communication systems. 
TRAUMATIC DISPLACEMENTS. If adequate 
spectrum is allocated to some of these new 
services or to accommodate expansion of 
existing services, a few existing services 
now using the frequency ranges may have 
to be curtailed or moved to other frequen- 
cy bands. This possibility arises when sys- 
tems in the new or expanded service can- 
not share frequencies—that is, operate on 
the same frequencies in the same geographi- 
cal area without radio interference—with the 
service(s) already allocated to the band. 








The agreements reached at a WARC have the sta- 
tus of international treaties. When the heads of dele- 
gations from the ITU’s member countries sign the 
Final Acts of a WARC, they are committing them- 
selves to present those Acts to their governments 
for ratification. In the United States, for example, the 
Final Acts of a WARC have to be ratified by the US. 
Senate, as do other types of treaties, such as arms 
control treaties or the law of the sea. 

The 1992 WARC may be the last one that will be 
held under these ITU rules and procedures. Now 
completely reorganizing its structure, the ITU hopes 
to improve the processes by which new technolo- 
gies can be accommodated, to develop standards 
more quickly, and to hold down costs to the ITU’s 
principal members. Last but not least, the ITU hopes 
to answer growing demands from developing coun- 
tries for greater technical assistance in the design 
and construction of their telecommunications sys- 
tems (including assured access to the geostation- 
ary orbit for their future telecommunication systems). 

At the ITU's last Plenipotentiary Conference, held 
in Nice, France, in 1989, a high-level committee 
looked at how the ITU might be restructured to bet- 
ter meet those needs and presented its detailed 
recommendations to the Administrative Council of 
the ITU in mid-1991. Those recommendations will 
be considered for adoption at a special Additional 
Plenipotentiary Conference scheduled for the end 
of this year. If they are adopted, the new ITU will have 
three co-equal sectors: development, standardiza- 
tion, and radiocommunications. 

Meanwhile, in anticipation of the high-level com- 
mittee’s recommendations, the CCIR’s plenary as- 
sembly modified the CCIR’s own structure in June 
1990, streamlining its working methods to facilitate 
the process by which a recommendation is approved 
as an international standard.—Edward E. Reinhart 
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For example, certain microwave relay sys- 
tems in the terrestrial fixed services (com- 
munications between two or more fixed 
points on the earth) would have difficulty 
sharing with some new broadcasting or 
mobile-satellite systems without major in- 
terference. If new satellite allocations were 
added, the terrestrial systems would ulti- 
mately have to be moved to different fre- 
quency bands or perhaps even be convert- 
ed to nonradio media such as optical-fiber 
cables. In such cases, plans must be made 
for the existing services to be phased out 
over a period of time so that the present sys- 
tem operators and users would have the 
opportunity to amortize their invest- 
ment in equipment—a process that in 
some cases could take up to 20 years. 

Of all the frequency bands to be con- 
sidered at WARC-92, those in the 
1-3-GHz band are the focus of the most 
intense international controversy. 
Those frequencies are in demand for 
FPLMTS, satellite and terrestrial mo- 
bile systems, and for digital audio 
broadcasting. Those demands are of 
concern to existing services in the 
1-3-GHz range, such as the terrestrial 
fixed and mobile services, certain 
space research communications, radio- 
astronomy observations, and amateur or 
“‘ham’’ radio operators. 

The difficulty of accommodating some of 

the new or expanding services without dis- 
placing existing ones makes the outcome of 
WARC-92 more traumatic than in some 
previous conferences. Before, adding satel- 
lite services to bands that up to then had 
been exclusively terrestrial (such as the 
fixed-satellite service entering the 4- and 6- 
GHz bands and the 12- and 14-GHz bands) 
was not too difficult because analytic and 
field studies showed that the band could be 
shared with reasonably small constraints on 
each type of service. 
U.S. PREPARATIONS. Many countries have en- 
couraged involvement from their private 
sector, but the United States is unique in its 
solicitation of industry proposals. The U.S. 
Federal Communications Commission 
(FCC), Washington, D.C., issued a series of 
public Notices of Inquiry and established an 
Industry Advisory Committee to seek indus- 
try’s views on the questions to be consid- 
ered at WARC-92 and to seek its reaction to 
the FCC’s views. Taking into account both 
the recommendations of the FCC’s adviso- 
ry committee and the responses of individual 
companies to the Notices of Inquiry, the 
FCC acted as an arbiter among companies 
and industry segments with different in- 
terests and different recommendations on 
the allocation issues. 

On the Government side, the Department 
of Commerce’s National Telecommunica- 
tions and Information Administration 
(NTIA), Washington, D.C., which carries out 
its functions pursuant to a White House Ex- 
ecutive Order, has acted in parallel with the 
FCC to obtain the views of Federal govern- 
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ment departments and agencies. The NTIA 
was assisted by the Interdepartment Radio 
Advisory Committee (IRAC), made up of 
representatives of the Federal government’s 
departments and agencies, which made 
known its constituents’ spectrum use. 
The FCC and the NTIA next coordinated 
their evolving positions with each other to 
resolve major differences before finalizing 
the U.S. proposals for WARC-92. The 
Department of State published the U.S. 
proposals last July and then appointed a 
group of Government and private sector ex- 
perts to evaluate the proposals of other na- 





tions and prepare detailed position papers 
on each of the WARC issues. From this 
group, the State Department also appoint- 
ed an official delegation to WARC-92. 
INTERNATIONAL ALLIANCES. Outside the 
United States, every country prepared its 
proposals in different ways. Each has its own 
mix of interests. Many of them formed alli- 
ances between the industrial groups and be- 
tween the government agencies. 

Most European countries have a post, 
telephone, and telegraph administration 
(PTT), which has its views about how the 
WARC-92 allocation issues should be re- 
solved. There are also broadcasters and, to 
a growing extent, privately operated sys- 
tems of other types, both mobile and point- 
to-point. In most European countries, the 
military also has a strong voice in any allo- 
cation action. 

The PTTs of 32 Western and Eastern Eu- 
ropean countries are bound together in an 
international regional organization known as 
the Conférence Européenne des Adminis- 
trations des Postes et des Télécommunica- 
tions (CEPT), Berne, Switzerland. In prepa- 
ration for WARC-92, CEPT established an 
ad hoc working group that has developed a 
set of European common proposals on each 
of the major WARC-92 issues. In develop- 
ing these joint proposals, it was not always 
possible to gain the agreement of all 32 
CEPT countries. 

Although the parallel is not exact, the 
North and South American counterpart to 
CEPT is the Conferencia Interamericana de 
Telecomunicaciones (Citel). It reports to the 
Organization of American States, headquar- 
tered in Washington, D.C., and its members 
are the Central and South American coun- 
tries, plus the United States and Canada. 








One of Citel’s permanent technical com- 
mittees, PTC-III, established an interim 
working group responsible for coordinating 
the Americas’ views on WARC-92 issues. 
The report of this group, which was pub- 
lished last May, provides a common Citel 
view on many issues. 

In Asia, the nearest counterpart to CEPT 
and Citel is the Asia-Pacific Telecommuni- 
ty (APT), headquartered in Bangkok. This 
22-nation group cosponsored a WARC-92 
preparatory seminar last August, but by the 
end of 1991 had not published an Asian com- 
mon proposal. 

Previously, a number of nations not 
aligned with the formal organizations— 
including Cuba, India, Yugoslavia, and 
certain developing North African 
countries—have held conferences be- 
fore and during a WARC to develop 
common positions on the issues. It is 
likely they will repeat this practice dur- 
ing WARC-92. 

In many parts of the world, there are 
also private-sector systems operators 
that have their own regional organiza- 
tions and their own views on certain is- 
sues. One example is the European 
Broadcasting Union (EBU), which in- 
cludes most of the broadcasters of all 
the European nations. Through its techni- 
cal center in Geneva, the EBU has analyzed 
the technical aspects of the allocation 
proposals for all the broadcasting issues. The 
union has also made suggestions on what 
should be done, not always agreeing with 
CEPT. 

Asian and Middle Eastern counterparts of 
the EBU, such as the Asia-Pacific Broadcast- 
ing Union (ABU), headquartered in Kuala 
Lumpur, Malaysia, and the Arab States 
Broadcasting Union (ASBU), in Tunis, Tu- 
nisia, are making their own preparations for 
WARC-92. 

In addition, several international and 
regional organizations concerned with 
specific types of telecommunications ser- 
vices are also preparing positions for WARC- 
92. Among the worldwide groups are the In- 
ternational Maritime Satellite Organisation 
(Inmarsat), London; and the International 
Telecommunication Satellite Organization 
(Intelsat), Washington, D.C.; the Interna- 
tional Maritime Organisation (IMO), Lon- 
don; and the International Amateur Radio 
Union (IARU), Newington, Conn. 

In addition, there are certain specialized 
agencies of the United Nations. Examples 
are the International Civil Aviation Organi- 
zation (ICAO), Montreal, and the World 
Meteorological Organization (WMO), Gene- 
va, Switzerland. 

The regional organizations include the Eu- 
ropean Community (EC), Brussels, Bel- 
gium; the European Organization for the Ex- 
ploitation of Meteorological Satellites 
(Eumetsat), Darmstadt, Germany; and the 
European Space Agency (ESA) and Europe- 
an Telecommunication Satellite Organization 
(Eutelsat), both in Paris. 
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SPECIAL REPORT/TELECOMMUNICATIONS 


Broadcasting 


Among the hot issues: 
broadcasting at HE and 
digital audio and high- 
definition television 
from satellites 


hree major allocation issues 
involving the broadcasting 
and_ broadcasting-satellite 
services will be discussed at 
the 1992 World Administra- 
tive Radio Conference 
(WARC-92): expansion of 
frequencies for convention- 
al high-frequency (shortwave) broadcasting; 
new frequencies for both satellite and terres- 
trial digital audio (radio) broadcasting to hand- 
held and automobile receivers; and new fre- 
quencies for studio-quality high-definition 
television broadcasting from satellites. 

ENDING HF SHORTAGE. Expanding the existing 
high-frequency (HF) allocations in the range 
of 5950-26100 kHz is intended to end the 
persistent shortage of spectrum allocated ex- 
clusively to domestic and international short- 
wave radio broadcasting. Exclusive bands are 
needed because, given the atmospheric 
propagation problems and interference in that 
range, the very high-powered transmitters re- 
quired for reasonably reliable service to port- 
able receivers make it difficult for broad- 
casters to share the same frequencies 
with other services having HF alloca- 
tions. Those other services include the 
fixed service (for point-to-point commu- 
nications), the mobile services (aero- 
nautical, land, and maritime), the ama- 
teur and amateur-satellite services, the 
standard frequency and time signal ser- 
vice, and the frequencies reserved for 
radio astronomy observations. Now, the 
spectrum allocated exclusively to the 
broadcasting service totals 2930 kHz 
worldwide (3130 kHz in International 











uses double-sideband amplitude modulation, 
channel bandwidth could be nearly halved if 
transmissions were converted to single- 
sideband modulation. 

Various standards organizations generally 
agree that HF broadcasters should someday 
convert to single sideband; there is less 
agreement on when and how the conversions 
should be made, given the fact that an esti- 
mated 520 million double-sideband HF 
receivers are in the hands of listeners. 

Most countries that have published their 
proposals for WARC-92 support the provision 
of at least some new spectrum for HF broad- 
casting, nearly all of it in bands formerly al- 
located to the fixed service, which would be 
given up to 15 years to be reaccommodated 
to another band. But there is little agreement 
on the amount of spectrum to be allocated, 
exactly where it should be added, when the 
new allocations should take effect, or what 
technical constraints should apply. 

The U.S. proposal, for example, calls for 
1325 kHz of additional spectrum for HF 
broadcasting in Region 2 and 1125 kHz in 
Regions 1 and 3; the European Common Pro- 
posal, endorsed by most of the members of 
the European Conference of Postal and 
Telecommunications Associations (CEPT), 
Berne, Switzerland, calls for 1500 kHz more 
spectrum. 

Both proposals encourage single-sideband 
technology, with the complete cessation of 





Many view digital audio 


broadcasting from satellites 


as the most challenging 


technology and controversial 


allocations issue 





quality stereo signals to be broadcast from ei- 
ther satellite or terrestrial transmitters to 
portable and vehicular receivers without the 
fading typical of car-radio reception near the 
edge of broadcast service areas. 

With satellite transmitters, such signals can 
be made available to the entire population of 
a country instead of to just those within range 
of terrestrial transmitters. 

Moreover, the same digital techniques per- 
mit monophonic signals of lower audio qual- 
ity (equivalent to either standard AM or FM 
broadcasting) to be broadcast in narrower 
channels to entire continents with near-per- 
fect reliability. That leads to the possibility 
that satellite DAB could provide internation- 
al broadcast services comparable to, but more 
reliable than, those now provided in the HF 
band. Indeed, if satellite DAB met at least 
some of the international broadcasting re- 
quirements, additional spectrum being sought 
for HF broadcasting might ultimately prove 
unnecessary. 

DAB is a challenging broadcasting technol- 
ogy because vehicular and portable receivers 
provide almost no antenna gain for boosting 
the power level at the receiver’s input. More- 
over, foliage absorbs the signals and buildings 
reflect them, causing the signal level to vary 
rapidly in time (fade). Thus, a satellite trans- 
mitter must be very powerful (tens to 
hundreds of watts per stereo channel, de- 
pending on downlink frequency and antenna 
beam coverage). 

Most systems envisioned for satellite 
DAB propose to use satellites in geosta- 
tionary orbit, although the European 
Space Agency, Paris, has proposed 
satellites in highly elliptical orbits to 
beam lower-power signals (10 W or less 
per stereo channel) to countries above 
about 40 degrees northern latitude. 

Most of the proposals for satellite 
DAB also envision using complementary 
terrestrial transmitters as repeaters or 
“‘gap-fillers’’ that rebroadcast the sat- 
+ ellite signal from towers in the urban 








Telecommunication Union (ITU) Regions 1 
and 3). This total is divided among narrow 
bands near 6, 9, 11, 13, 15, 17, 21, and 25 MHz 
(plus one near 7 MHz in Regions 1 and 3). 

Among the technical issues to be weighed 
at WARC-92 is assigning HF broadcasts more 
but narrower channels than those presently 
employed. One way of creating narrower 
channels is to change the modulation meth- 
od. Since virtually all HF broadcasting today 
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double-sideband transmissions occurring 
after the turn of the century. 

A few countries propose that no more than 
1000 kHz of new spectrum be allocated to HF 
broadcasting, and others propose that there 
be no new allocations at all. 

DIGITAL AUDIO FOR ALL. Of the three broad- 
casting issues, the proposal for digital audio 
broadcasting (DAB) is perhaps the most ex- 
citing. Digital coding and modulation tech- 
niques that have already been developed and 
demonstrated will permit compact-disc- 
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area. This technique would help to overcome 
the higher man-made rf noise levels and the 
propagation problems in cities (shadowing and 
reflections by buildings in downtown areas). 
Thus, the satellite transmitter power can be 
reduced to the lower level needed for recep- 
tion in rural areas. 

To accommodate DAB for satellite and 
complementary terrestrial use, the ITU’s In- 
ternational Radio Consulative Committee 
(CCIR) has put the need for bandwidth at a 
total of 60-130 MHz. Therefore, WARC-92 
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will be seeking an allocation of about that size 
in the frequency range between 500 MHz and 
3 GHz, together with the necessary feeder 
links at higher frequencies in the fixed- 
satellite service. 

For economic and technical reasons, the 
CCIR concluded that a band around 1.5 
GHz—right in the middle of the suggested 
frequency range—appears to be the most at- 
tractive for satellite DAB. At the low end of 
the frequency range, the size and cost of the 
satellite antenna for a given beam coverage 
can become prohibitively large because an- 
tenna size is inversely proportional to fre- 
quency. Similarly, at 3 GHz, about four times 
as much satellite power is required as at 1.5 
GHz because the gain of the simple porta- 
ble and vehicular receiving antennas remains 
essentially constant while the free-space path 
loss from the satellite to the earth increases 
with the square of frequency. 

Similarly, transmitter power requirements 
and costs for a given terrestrial coverage in- 
crease rapidly with frequency and escalate 
the cost of the overall system. Thus, a fre- 
quency at or below 1.5 GHz also appears 
preferable for terrestrial DAB transmitters, 
whether used for a stand-alone system or as 
gap-fillers to complement satellite DAB. 
POTENTIAL THREAT? The proposed frequency 
allocations for DAB are controversial because 
they pose a threat to the users of bands allo- 
cated to other services in the 0.5-3-GHz fre- 
quency range. The threat rises from the fact 
that DAB—and especially satellite DAB—like 
all other broadcast transmissions, cannot 
share frequencies with other services in the 
same geographic area without either causing 
or suffering from harmful radio interference. 

For example, Australia, Brazil, Canada, 
Mexico, and others favor an allocation for the 
broadcasting-satellite service and com- 
plementary terrestrial-broadcasting service 
just below the present mobile-satellite ser- 
vice downlink allocations at 1.530-1.559 GHz. 

However, frequencies below 1.530 GHz 
are already in heavy use for other services. 
In the United States, for example, the band 
1427-1.530 GHz is used heavily for aero- 
nautical mobile telemetry in the flight test- 
ing of missiles and aircraft. In Japan, this same 
band is earmarked for cellular land-mobile 
services. In Canada, it is used for microwave 
relay systems in the terrestrial fixed service. 
And certain South American countries have 
just installed new terrestrial radio systems at 
those frequencies. 

Many other countries, including many 
members of CEPT, plus India, Japan, and 
Russia, support an allocation for DAB with- 
in the range from 2.50-2.69 GHz, which is 
already allocated to the broadcast satellite 
service, albeit not specifically to DAB. But 
in the United States, those frequencies are 
already heavily used by both the Instructional 
Television Fixed Service (ITFS) used by 
universities, and the Microwave Multipoint 
Distribution Service (MMDS)—a commer- 
cial ‘‘wireless cable’ television service avail- 
able in some areas. 
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In response to all these difficulties, the 
United States proposes to allocate the band 
2.31-2.36-GHz for DAB; the existing primary 
allocations to the fixed, mobile, and radiolo- 
cation services would be reduced to secon- 
dary status (allowed to use the band only if 
they did not interfere with or require protec- 
tion from DAB transmissions) in 1997 or 
when DAB systems were implemented, 
whichever occurred later. 

Apart from the frequency-band controver- 
sies, DAB is contentious because it would 
compete with existing terrestrial AM and FM 
broadcasting stations for listeners. 

To be sure, broadcasters in Canada, Eu- 
rope, and the United States see the develop- 
ment of purely terrestrial DAB as an oppor- 
tunity for existing AM and FM stations to 
improve service and coverage beyond that 
possible with analog techniques. 

Nonetheless, implementing a terrestrial 
DAB system would require a large investment 
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in new transmission equipment to reach an 
audience that would be quite small until DAB 
was widely installed. For that reason, some 
AM and FM station operators resist its in- 
troduction. 

It has even been suggested that neither sat- 
ellite nor terrestrial DAB requires WARC-92 
to create new frequency allocations. On the 
satellite side, it has been argued that a digi- 
tal radio signal of less than CD quality could 
be broadcast from satellites to portable and 
vehicular receivers on frequencies allocated 
to the mobile-satellite service [see ‘‘Mobile 
communications,’’ pp. 27-29]. 

On the terrestrial side, it is believed that 
existing allocations to the broadcasting ser- 
vice could be used for DAB. In Europe, for 
example, it is planned to introduce terrestri- 
al DAB within channels previously assigned 
to terrestrial television. In the United States, 
work is progressing on spread-spectrum 





techniques for broadcasting high-quality audio 
programming in the FM broadcast band with- 
out interfering with existing FM trans- 
missions. 

NEXT-GENERATION SATELLITE HDTV. Over the 
past few years several alternative analog- 
signal formats have been developed for 
representing high-definition television 
(HDTV) pictures in a narrow rf bandwidth— 
narrow enough for broadcast in typical sat- 
ellite channels having a bandwidth from 24- 
36 MHz. Examples include the MUSE-E 
(multiple sub-Nyquist sampling encoding) 
system developed in Japan, the HDBMAC (a 
high-definition version of a particular mul- 
tiplexed analog components format) system 
in the United States, and the HDMAC sys- 
tem in Europe. All these formats offer a wide- 
screen picture (having a 16:9 ratio of width 
to height compared with the 4:3 of ordinary 
television), resolution greatly improved over 
ordinary television, and CD-quality digital 
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stereo sound. 

The combination of limited channel band- 
width and inherent limitations of analog-signal 
processing and modulation techniques, how- 
ever, introduce artifacts and restrict resolu- 
tion. Thus, picture quality falls well below 
that originating in the studio, especially in 
scenes with rapid motion. 

Meanwhile, developments in digital tech- 
niques for encoding and modulating video sig- 
nals now promise to outdo the analog formats 
by allowing superior HDTV picture quality to 
be achieved in the same rf channel band- 
widths. In addition, it has been demonstrat- 
ed that, with wider rf-channel bandwidths (up 
to 140 GHz), picture quality seemingly as 
good as a studio standard can be received 
over satellite links. This latter type of digital 
HDTV has been labeled wide rf-band HDTV 
(W-HDTYV) to distinguish it from the analog 
formats already developed. Moreover, with 
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further development of digital coding and 
modulation techniques, such studio-quality 
images may be possible in today’s narrow- 
rf-band channels. 

VIABLE CANDIDATES. Between 12.7 and 23 
GHz—the range of spectrum WARC-92 was 
instructed to consider for W-HDTV—current 
proposals have fastened on three possibilities. 
In addition, just above the 23-GHz upper 
limit, the United States and Japan have pro- 
posed a fourth option. 

The first possibility, favored by Brazil, 
Canada, Mexico, and Venezuela, is to allo- 
cate the 17.3-17.8-GHz band to the 
broadcasting-satellite service for W-HDTV. 
There is one big problem with this option, 
though: the band has already been allocated 
to—and the channel assignments planned 
for—the uplinks or feeder links to direct- 
broadcasting satellites for conventional tele- 
vision in the 12-GHz band. 

This is one of the rare cases in which the 
same band has been proposed for use in both 
directions of transmission: as 17-GHz feed- 
er links to 12-GHz direct-broadcasting satel- 








WARC-92 and amateur radio 


Although the amateur or ‘‘ham’’ radio community 
is not seeking additional allocations at the 1992 
World Administrative Radio Conference (WARC-92), 
several of the items on the WARC-92 agenda, if 
enacted by the International Telecommunication 
Union, could partially displace existing amateur al- 
locations. Thus amateurs are compelled to partici- 
pate to protect their interests. 

Even though the only entities entitled to vote at 
a WARC are duly accredited delegations of mem- 
ber nations, the world’s amateurs do have a voice. 

First, they will be represented directly at the WARC 
by the International Amateur Radio Union (IARU), 
a body representing all amateur groups and the 
approximately 2.1 million licensed amateurs world- 
wide. The IARU is expected to have official ob- 
server Status at the conference, acting in an ad- 
visory capacity. 

Second, amateurs have made their views known 
to the delegations of their host countries. In the Unit- 
ed States, for example, two channels were available 
for such input. One was the Federal Communica- 
tions Commission's (FCC’s) Industry Advisory Com- 
mittee, which explored the issues presented by the 
WARC-92 agenda and developed an industry posi- 
tion on them. Participating extensively in that com- 
mittee’s work was the American Radio Relay League 
(ARRL), the national amateur radio organization. 

The other U.S. channel available was the FCC’s 
three Notices of Inquiry, which were issued to so- 
licit comments from the public at large, and to which 
the ARRL and other interested parties responded. 
Because the agenda includes items relevant to sat- 
ellite communications, the Radio Amateur Satellite 
Corporation (Amsat), a Washington, D.C-based 
group, similarly offered comments. 

One of the WARC-92 proposals of interest to 
amateurs concerns allocations at 7 MHz, also known 
to the amateurs as the 40-meter band. In addition 
to the exclusive allocation of 70-71 MHz, amateurs 
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lites whose feeder links are to be provided 
at another frequency. That need not cause in- 
terference if the 17-GHz uplink transmitters 
for the 12-GHz direct-broadcasting satellites 
are well isolated in areas likely to receive 17- 
GHz W-HDTV broadcasts. 

Many planners of 12-GHz direct-broad- 
casting satellite systems see no problem 
with this since they intend to feed their satel- 
lites from only a limited number of fixed sites 
that could be isolated or shielded. Howev- 
er, other direct-broadcasting-satellite system 
applicants foresee a need to feed transmis- 
sions of live breaking news or sports events 
directly to their broadcast satellite from 
transportable earth stations on location; they 
do not want to ‘‘backhaul’’ the signal to the 
studio, which would then uplink it from a 
fixed feeder-link site. Largely in response 
to this need, the United States has rejected 
the 17.3-17.8-GHz band for W-HDTV. 

Outside ITU Region 2, most countries, in- 
cluding all the CEPT administrations, plus 
Australia and Russia, propose a second op- 
tion for accommodating W-HDTV: the band 


currently have a primary allocation of 71-73 MHz 
in the ITU's Region 2 (North, Central, and South 
America), while international broadcasting is per- 
missible in the same frequency range in ITU Regions 
1 (Europe, Africa, and the former USSR) and 3 (Asia 
and Australia). Given the great disparity in transmitter 
power between the amateurs and the broadcasters— 
up to three or four orders of magnitude—amateurs 
have found much of the 40-meter band difficult to 
use in the evening hours—‘‘an incompatible allo- 
cation,” according to the FCC. 

To resolve the conflict, the United States—with the 
agreement of the amateur community—is propos- 
ing a 100 kHz shift down of the amateur band, grant- 
ing the international broadcasters an exclusive al- 
location above that range. Specifically, hams would 
receive a primary allocation of 69-70 MHz; land-mo- 
bile users would share it on a secondary basis as 
long as their transmissions do not interfere with 
amateurs. Amateurs would also receive an exclu- 
sive allocation of 70-72 MHz worldwide. Broadcast- 
ing in turn would have 72-73 MHz exclusively 
worldwide, 

Another area of concern to amateurs is alterna- 
tive proposals by U.S. entities regarding the use of 
2.31-2.36 GHz for digital audio broadcasting and 
2.39-2.43 GHz for geostationary satellite uplinks for 
the mobile-satellite service. Currently, 2.3-2.45 GHz 
is allocated to amateurs on a secondary basis world- 
wide. Hams are particularly worried about any in- 
terference that may result from these proposed uses 
and new restraints that could affect amateur satel- 
lite operations. 

Regardless of the outcome of the WARC-92 
deliberations, any changes would not be implement- 
ed for several years, giving amateurs or other users 
plenty of time to phase in new equipment and ad- 
just to changes in frequency allocations. All the 
same, amateurs would prefer to avoid any major dis- 
location of their operations. —Joel Miller 





21.4-22.0 GHz. This 22-GHz band is cur- 
rently allocated to the fixed and mobile ser- 
vices only. The CEPT proposal would defer 
implementation of the broadcasting-satellite 
service allocation until the year 2005 (ex- 
cept for experimental use that did not cause 
interference) to protect the already well- 
developed fixed service in that band and 
allow for its orderly transfer to another band. 

Indonesia and other members of the Asia- 
Pacific Broadcasting Union have considered 
a third option for W-HDTV: the extension 
to ITU Region 1 of the existing 22.5-23-GHz 
broadcasting-satellite allocation already 
available in Regions 2 and 3. 

There are, however, serious technical 
problems with this 23-GHz band. It is locat- 
ed so near a frequency that atmospheric 
water vapor strongly absorbs that the sat- 
ellite signal power must be quite high to 
overcome both atmospheric absorption and 
losses during rain. 

Moreover, the 23-GHz band presents for- 
midable frequency-sharing problems be- 
cause it is already allocated in all the ITU 
regions to the fixed, mobile, and intersatel- 
lite services, and to radio astronomy obser- 
vations. A broadcasting satellite could not ef- 
fectively share the frequencies with those 
other services, not only because its high 
broadcasting power could interfere with 
receivers in the other services, but also be- 
cause the fixed-service transmitters on the 
earth would interfere with the broadcast 
receivers on the satellite. 

A fourth option, from 24.65-25.25 GHz, 
has been proposed by the United States and 
Japan. Although this band lies above the 23- 
GHz cutoff specified for consideration at 
WARC-92, it does not displace existing 
fixed-service operations at either 22 or 23 
GHz, nor does it cause difficulties with the 
feeder-link plan inherent in the 17-GHz 
option. 

Although the 25-GHz band is currently al- 
located to the radionavigation service, that al- 
location is little used and reallocation to the 
broadcasting-satellite service would cause no 
significant displacement. Thus the 25-GHz 
band is the only one of the four proposals for 
W-HDTV broadcasting that does not require 
a long delay before the allocation could be im- 
plemented. 

The only drawback is that the 25-GHz 

option does require the highest satellite 
power of all the options—about 5.5 dB more 
than at 17 GHz and about 1 dB more than 
at 22 or 23 GHz under typical conditions— 
but the impact on system costs is not nearly 
so high. 
LONG LEAD TIME. All countries recognize that 
wide-band satellite HDTV service probably 
will not come into service for 10 years or 
more. But that is precisely why European 
countries pressed to get it on the WARC-92 
agenda: a long lead time was viewed as vital 
not only to developing the technology, but 
also—with the exception of the 25-GHz 
band—to allowing the time needed to make 
the chosen band available. 
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SPECIAL REPORT/TELECOMMUNICATIONS 


Mobile communications 


WARC-92 must find room 
in already crowded bands 
for new worldwide mobile 
services and expanded 
existing services 


robably the most important 
—and most challenging— 
allocation issue facing the 
1992 World Administrative 
Radio Conference is deter- 
mining how to provide ad- 
ditional spectrum for both 
existing and entirely new 
mobile services. At least six types of mobile 
systems will be seeking new or expanded al- 
locations: three involve satellites and three 
rely on primarily terrestrial techniques. All 
but one will be forced to compete for alloca- 
tions in the same crowded 1-3-GHz frequen- 
cy range. 

The satellite systems differ mostly in the 
types of satellites used and the range of ser- 
vices to be offered. Some, using satellites 
operating above 1 GHz in geostationary orbit, 
are existing and planned global, regional, or 
domestic systems that will provide a full range 
of voice and data services to handheld or mo- 
bile terminals on land, at sea, and in aircraft. 
Others will offer comparable services from 
satellites in low earth orbit in the 1-3- 
GHz band. The third type will provide 
amore limited range of services at lower 
data rates and lower cost from smaller 
low-earth-orbit satellites using no more 
than 5 MHz of spectrum below 1 GHz. 

Not only would new allocations to the 
mobile-satellite stations permit the in- 
troduction of radically new services such 
as worldwide personal telecommunica- 
tions, but they also would alleviate the 
pressure on existing allocations. 

At WARC-92, the terrestrial systems 
to be considered, all in the 1-3-GHz 
range, are: a future public land-mobile tele- 
communication system able to link users of 
personal handsets anywhere in the world; 
greatly expanded private land-mobile radio 
systems; and a worldwide public telephone 
service for airplane passengers. In contrast 
to the satellite services, much of the 1-3-GHz 
range is already allocated to the land-mobile 
services, so it may be enough just to desig- 
nate which specific parts of the existing allo- 
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cations are to be used by these systems. 

Of all the mobile issues, probably the most 
urgent is how to accommodate the new sat- 
ellite systems above 1 GHz that will be using 
both low earth orbits and the geostationary 
satellite orbit. 

Excluding 1 MHz of spectrum reserved for 
distress and safety satellite communications 
with mobile terminals, only a total of 28 MHz 
of downlink spectrum (1.530-1.559 GHz) and 
33 MHz of uplink spectrum (1.6265-1.6605 
GHz) is currently available for mobile-satellite 
systems, such as the global Inmarsat system, 
which uses geostationary satellites to provide 
voice and data to maritime and other mobile 
terminals using comparatively nondirective 
antennas. Extrapolating from the growth rate 
of the last few years, the projected spectrum 
requirements for Inmarsat and planned future 
maritime, aeronautical, and land mobile- 
satellite systems are expected to greatly ex- 
ceed the spectrum now allocated. 

Most proponents of new mobile-satellite 
service allocations believe there should be a 
minimum total of at least 89 MHz of 
spectrum—with a likely requirement of 164 
MHz—in each direction of transmission, as- 
suming that the spectrum is not shared with 
other services. 

Proponents differ in whether the existing 
allocations should become generic (allocat- 
ing the same band to maritime, aeronautical, 
and land mobile-satellite services together) 





or whether separate spectrum should be ear- 
marked for no more than two of the three. 
The generic approach, with a provision for 
the pre-emption for safety services, is favored 
by Canada, the United States, and some 
other countries for both existing and new mo- 
bile-satellite service allocations; most of the 
rest of the world proposes to maintain the sta- 
tus quo for existing allocations. 

LOW VERSUS HIGH. An issue new to any 
WARC is accommodation of mobile- 
satellite systems using satellites in low earth 
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orbit (LEO) instead of geostationary orbit 
(GSO). 

The LEO issue originated in the United 
States in response to applications by sever- 
al system operators and involving two types 
of LEO mobile-satellite systems [see table]. 

The first type, sometimes dubbed “little 
LEO” systems, would provide low-cost, 
low-data-rate (up to 10 kb/s), two-way dig- 
ital communications, and position location 
services to pocket-sized portable and mo- 
bile terminals at frequencies in the VHF 
band below 400 MHz. 

Such systems would employ 2 to 24 so- 
called “lightsats’’—small, inexpensive satel- 
lites launched into orbits 800-1300 km 
above the earth and capable of serving the 
world. WARC-92 will weigh possible allo- 
cations of up to 5 MHz in a frequency band 
below 1 GHz to accommodate these little 
LEO systems on the basis of appropriate 
sharing criteria. 

The other major type of system employ- 
ing satellites in low earth orbit that would 
operate above 1 GHz are sometimes called 
“big LEO” systems. In addition to tradi- 
tional voice and a wide range of moderate- 
to high-speed data services (up to a few 
megabits per second), the big LEO systems 
would also provide worldwide services in 
personal communications to handheld ter- 
minals like those used in cellular mobile 
systems. 

The first applicant for a big LEO 
system was Motorola Satellite Com- 
munications Inc., Chandler, Ariz., 
with its 77-satellite Iridium system— 
named after the element iridium, 
whose atom has 77 orbiting electrons. 
Motorola was followed by applications 
from a number of other companies 
offering a similar mix of services but 
using different numbers of satellites 
and types of orbits. 

Some companies have argued that 
all the services envisioned for the big 
LEO systems can be provided by three 
satellites in geostationary orbit, each with 
many spot beams. Such a system concept 
called Tritium, in part because that isotope 
of hydrogen has three electrons in orbit, was 
advanced by Hughes Aircraft Co., El 
Segundo, Calif. 

ALLOCATION PROPOSALS. Most countries 
agree on the addition of at least 5 MHz of 
downlink spectrum immediately below the 
existing downlink band at 1.530-1.559 GHz 
in order to make the spectrum in this band 
equal to that in the uplink band at 1.6 GHz. 
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There is also general agreement on the 
provision of a matched pair of uplink-downlink 
bands for ITU Regions 1 and 3 in the range 
2.50-2.59 GHz. The amount and exact loca- 
tion of the bands and whether or not they 
should be generic must be resolved at 
WARC-92. 

Among International Telecommunication 
Union (ITU) members, as opposed to inter- 
national organizations such as Inmarsat, only 
Brazil, Canada, and the United States have 
proposed substantial new allocations to the 
mobile-satellite service in the frequency 
range of 1.6605-2.5000 GHz. Within that 
range, the U.S. proposal for a bidirectional al- 
location between 1.85 and 1.90 GHz is in- 
novative in that it would permit the future 
identification of sub-bands that, subject to 
adequate sharing criteria, could accommo- 
date services from either LEO or GSO satel- 
lites or both. 

The United States and one or two other 
countries have also proposed to add the 
mobile-satellite service to the existing radio- 








determination satellite service (RDSS) bands 
at 1.610-1.6265 GHz for uplinks and 2.4835- 
2.5000 GHz for downlinks. This band is 
viewed as a promising candidate for meeting 
the near-term requirements of big LEO sys- 
tems. Disputes still remain over the efficiency 
with which mobile-satellite systems could use 
the RDSS band, given that the radio regula- 
tions include footnotes designed to protect 
other services in the same band and force sat- 
ellite systems to comply with power flux den- 
sity limits in the downlink band. 

More generally, experts disagree on how 
practical it would be for low-earth-orbiting 
systems to share frequencies with systems 
in geostationary orbit. The radio regulations 
and the current recommendations of the 
ITU’s International Radio Consultative Com- 
mittee (CCIR) are silent on the means and 
the extent to which they might coexist. 
FUTURE PUBLIC LAND MOBILE. Of all the types 
of mobile communication systems for which 
WARC-92 is to allocate spectrum, the future 
public land-mobile telecommunication system 








(FPLMTS) is likely to have the greatest im- 
pact on the way the public telephone network 
is accessed and used. FPLMTS is intended 
to become a worldwide personal communi- 
cations network, offering all the services al- 
ready available through telephone net- 
works—including voice, facsimile, and data. 

The phrase ‘‘land mobile’ is rather a mis- 
nomer. FPLMTS is envisioned as being ac- 
cessible not only to mobile users on land (in- 
cluding automobiles and high-speed trains), 
but also on ships, in the air, and to fixed ter- 
minals. FPLMTS will permit connection to 
the system by satellites operating in the 
mobile-satellite services band. Both the per- 
sonal and mobile stations will be able to 
connect into the system by radio at any time 
and from any place in the world [see figure]. 
The wireless system is expected to be espe- 
cially valuable to developing countries where 
it could be used to establish a telephone sys- 
tem quickly. 

Extensive propagation studies and techni- 
cal considerations reported to the CCIR in- 


Proposed low-earth-orbit (LEO) mobile-satellite communication systems 







System | UT 
“Little LEO” systems, below 1 GHz 
Leosat 





Orbital Communica- 
tions Corp., Fair- 
fax, Va. 
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Colo. 
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down 


Starnet Starsys Inc., 24 24 random 1300 148-149 up, 
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nical Assistance 
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(VITA), Arlington, Va. 
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2 Single, 800 
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up; or 400.2 
down, 149.8 up 
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137-138 downlink 


137.7 down, 400.2 












Aries Constellation Com- 4 polar 1610-1625.5 up, 
munications Inc., 2483.5-2500 down; 
Herndon, Va. 5150-5216 down, 
6525-6541 up 
Ellipso Ellipsat, Washing- 24 3 highly 2903 1610-1626.5 up, 
Globalstar Loral Cellular Sys- 48 1610-1626.5, 
tems Corp., New 2483.5-2500, 
York City 5199-5216, 
6525-6541, 
all bidirectional 
Iridium Motorola Inc., 1610-1626.5 bi- 
Chandler, Ariz. directional; 
27.5-30 up, 
18.8-20.2 down, 
22.5-23.5 cross- 
link between 
satellites 
Odyssey TRW Inc., Redondo 3 inclined 10 370 1610-1626.5 up, 
Beach, Calif. circular 2483.5-2500 
down; 19 700- 
20 000 down, 
29 500-30 000 up 














CDMA = code-division multiple access/spread spectrum. 


FDMA = frequency-division multiple access 
N.A. = not available. 


SS = spread spectrum. 


RDSS = radiodetermination satellite service. 







ae 
Services signal 
Two-way communication and | N.A. 
radio location for intelligent ve- 
hicle highway system 
Two-way communication and | N.A. 
radio location; slow, low-cost 
data transmission 
Global two-way communica- | Rule making 
tion, data, radio location for very high 
frequencies 


Data services and file transfer | N.A. 
primarily for developing nations 


SS/CDMA 


Position determination and 
reporting, two-way telephony, 


dispatch voice, facsimile, and 
data collection, distribution, 
and control services 

Will connect to a cellular phone 
to convert 800-MHz cellular to 
the 2.5-/1.6-GHz RDSS bands 
RDSS, voice, data communi- 
cations 


SS/FDMA 


SS/CDMA 


















Worldwide cellular telephony | N.A. 


and portable phone service 












Voice, radio location, messag- | SS/CDMA 


ing, data services 





Source: Bruno Pattan, Federal Communications Commission; Office of Technology Assessment, WARC-92: Issues for U.S. International Spectrum Policy, November 1991 
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Terrestrial component 
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The architecture of the future public land-mobile telecommunication 
system (FPLMTS) includes the functions of cordless telephony, pag- 
ing, wireless pay phones, private branch exchanges, and rural radio 
and telephone exchanges among terminals on land, at sea, and 1n the 
air. Calls within the mobile system would be routed to and from the 
existing wired public switched telephone network through satellites and 
terrestrial links using four kinds of radio interfaces (R, through R,). 


One of the tasks of the International Radio Consultative Committee 
(CCIR) group responsible for FPLMTS at WARC-92 1s to develop stan- 
dards for those and other interfaces. A and B are the connections to 
the public switched telephone network, A directly into the network and 
B through an independent mobile switching center. The cell sites to which 
several personal stations have access are within the vehicles and may 
or may not be within the buildings. 


dicate that a frequency allocation in the al- 
ready crowded band of 1-3 GHz is most 
suitable for FPLMTS. The CCIR estimates 
the minimum spectrum required to be 230 
MHz (170 MHz for mobile stations and 60 
MHz for handheld personal stations) and 
should become available early in 1998. 

In the view of some countries, the spec- 
trum needs for FPLMTS could be handled 
within the existing allocations to the terres- 
trial mobile services. 

PRIVATE LAND-MOBILE SYSTEMS. WARC-92 
must also provide spectrum for the rapidly 
growing needs of private land-mobile sys- 
tems. Such private systems are essential to 
a medley of applications in industry, manufac- 
turing, private safety (police and ambulance), 
and fleet transportation and the number is 
growing at an annual rate of 7-10 percent. 

Estimates of the additional terrestrial mo- 
bile allocations required to accommodate this 
growth range from two 35-MHz band seg- 
ments in Europe to two 50-MHz band seg- 





Reinhart—Mobile communications 


ments in Japan. As with the spectrum need- 
ed for FPLMTS and for aeronautical public 
correspondence, WARC-92 has been in- 
structed to find a solution between 1 and 3 
GHz. 

In ITU Regions 2 and 3, the existing mo- 
bile sevice has a primary allocation of 1.7- 
2.69 GHz. 

In ITU Region 1 (Europe, Africa, and the 
former USSR), though, the existing prima- 
ry allocation to the mobile service is largely 
in the range 2.45-2.69 GHz. For this reason, 
the European Common Proposal, endorsed 
by most of the 31 countries of CEPT, is to 
upgrade the present secondary mobile al- 
locations in Region 1 to primary status in 
the range 1.7-2.45 GHz, thus making the 
existing Regions 2 and 3 mobile allocation 
worldwide. 

AERONAUTICAL PUBLIC CORRESPONDENCE. A 
1987 WARC on mobile communications 
provided two 1-MHz bands (1.593-1.594 and 
1.6255-1.6265 GHz) for experimental de- 








velopment of a terrestrial-aeronautical pub- 
lic correspondence (APC) system—that is, a 
system allowing public telephones on aircraft 
to connect to the land-based public switched 
telephone network through ground stations. 
It was feared, however, that such a system 
might interfere with certain radionavigation 
systems in those bands. 

The United States and some other coun- 
tries have already established APC systems 
in the 849-851- and 894-896-MHz bands and 
propose that those bands be allocated world- 
wide. In contrast, the European Common 
Proposal suggests doing away with these 
bands and designating the band 1.670-1.675 
MHz for ground-to-air APC transmissions 
and the band 1.800-1.805 for air-to-ground 
APC links. WARC-92 is charged with finding 
a common pair of bands to permit a world- 
wide APC system of about 2 MHz in each 
direction, air to ground and ground to air. 
Whether a common worldwide solution can 
be found remains to be seen. 
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SPECIAL REPORT/TELECOMMUNICATIONS 


space communications 


Adequate spectrum must 
be allocated for future space 
communications and the 
development of as yet 
unforeseen technologies 


he 1992 World Administra- 
tive Radio Conference 
(WARC-92) will hear six 
proposals for enhancing or 
expanding the electromag- 
netic spectrum allocated 
for communications sup- 
porting research in space. 
They will cover extravehicular activities, 
space operations, data relay links, deep 
space interplanetary probes, future plane- 
tary missions, and earth exploration 
satellites. 

Decisions made at WARC-92 either to ac- 

cept or reject the proposals could determine 
the direction aerospace communication engi- 
neers will take in research, development, and 
production for the rest of this decade. After 
all, if a certain region of the spectrum is not 
available for a particular use, no company 
will devote resources to developing commu- 
nications equipment at those frequencies; 
similarly, if certain allocations are made, 
those bands represent new opportunities for 
R&D. 
INTERNATIONAL AGREEMENT. Although 
some of the six proposals for allocations 
to the space science services originat- 
ed in specific nations, all have first been 
reviewed by the Space Frequency 
Coordination Group, which has re- 
solved any differences. Meeting annu- 
ally, this group is an informal associa- 
tion of some 30 of the world’s civilian 
space agencies formed during the 
general WARC of 1979 [see table on op- 
posite page]. 

Chartered by the European Space 
Agency (ESA) and the National Aero- 











service allocations around 2 GHz, and to- 
ward securing new allocations for 400 MHz, 
26 GHz, 32 GHz downlink (from the space- 
craft to the earth), 34 GHz uplink (from the 
earth to the spacecraft), 37 GHz downlink, 
40 GHz uplink, 61 GHz, 74-84 GHz, and 157 
GHz. 
IMPROVING 2 GHz. Perhaps of primary impor- 
tance to most space agencies is the need to 
improve the status of the allocation of the 
space research, space operations, and earth 
exploration satellite services in the bands 
2.025-2.110 GHz and 2.20-2.29 GHz. 

Currently, footnotes to the Table of Fre- 
quency Allocations in Article 8 of the Inter- 
national Telecommunication Union’s (ITU’s) 
Radio Regulations authorize those services 
to use the 2-GHz bands, subject to coordi- 
nation under the procedures detailed in the 
regulations’ Articles 11 and 14. The proce- 
dures call for all satellite networks to ‘‘ad- 
vance publish’ mission information—includ- 
ing proposed launch date, frequency use, and 
orbital data—with the ITU’s International 
Frequency Registration Board (IFRB). The 
information is distributed in an IFRB circu- 
lar to all ITU member administrations for 
comment; the space agency must then coor- 
dinate mission details with any commenting 
administration. 

Those conditions are imposed on the 2- 
GHz band to protect terrestrial fixed- and mo- 
bile-service systems using the same band. 


The world’s space agencies 


generally agree on the 


spectrum requirements for 
communications links for 


scientific spacecraft 
into the next century 





main body of the Table of Frequency Allo- 
cations, giving the impression that the bands 
are not being used. 

The underlying technical reason for 
preferring the 2-GHz bands over some other 
bandwidth is that they provide highly reli- 
able all-weather communication in which 
spacecraft can be controlled regardless of 
their orientation. 

A large number of telecommunication ad- 

ministrations, including those of 23 nations 
in Europe, have proposed to WARC-92 that 
the 2-GHz allocations be upgraded to prima- 
ry status—that is, protected from interfer- 
ence caused by any other services sharing 
the same band. In such a case, appropriate 
technical safeguards, such as power flux 
density limits at the earth’s surface, would 
be implemented to continue to protect the 
terrestrial services. 
SPACE-WALKING ASTRONAUTS. For manned 
exploration of the solar system to become 
a reality, the international Space Station 
Freedom must first be constructed. To as- 
semble and maintain the station, astronauts 
will have to spend many hours outside the 
safety of the space shuttle, but in constant 
communication with it. 

Ideally, radio frequencies of around 400 
MHz would provide a reliable communica- 
tion channel independent of the orientation 
of the space shuttle. At frequencies higher 
than about 500 MHz, the protective mate- 
rial of the astronaut’s space suit reflects 
and blocks the rf signal. At frequencies 
lower than about 300 MHz, the size of 
the antenna required to produce an om- 
nidirectional radiation pattern becomes 
unwieldy compared to the size of the 
suit. 

In addition, because the available 
power for communications is very small 
compared with the power required for 
life-support systems, the transmitter 
housed in the space suit has a maxi- 
mum power of about 250 mW, limiting 
the distance the astronaut can be sepa- 
rated from the shuttle to about 1 km. 








nautics and Space Administration (NASA), 
the group coordinates the ways in which ex- 
isting space service allocations are used, and 
develops and harmonizes the requirements 
for spectrum allocations needed to support 
existing and future communication links for 
scientific spacecraft. 

At WARC-92, the group will work toward 


Robert M. Taylor 
National Aeronautics and Space Administration 
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While that is a reasonable objective, it 
presents two major drawbacks to the space 
service users. First, as more and more 
spacecraft have made use of the bands over 
the last three decades, the resultant conges- 
tion has made the coordination process very: 
lengthy and onerous to the space agencies 
and their parent governments. Second, be- 
cause the allocation is made by a footnote 
to the allocation table, the space services’ 
heavy use of the bands is not visible in the 
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The 400-MHz range is also being sought 
for a narrow-band voice and data communi- 
cation channel between manned vehicles in 
orbit, such as the space shuttle and the 
Space Station Freedom during docking 
maneuvers. 

DATA RELAY SATELLITES. As technology con- 
tinues to provide more complex and sophisti- 
cated scientific instrumentation, greater de- 
mands are levied on satellite systems that 
would communicate that high-bandwidth 
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The Space Frequency Coordination Group 


PT EPEC CCC Cae PSS SCS 


Argentina | Comision Nacional de Investigaciones Espaciales (CNIE) Space research and earth exploration programs 


Australia Australian Space Office (ASO) Canberra Space program management 


Commonwealth Scientific and Industrial Research Canberra Space program, scientific research, and astronomy observations 
Organization (CSIRO) 


Austria Austrian Space Agency (ASA) Space research and earth exploration programs 


Belgium Service de Programmation de la Politique Scienti- Brussels R&D for and management of space programs 
fique (SPPS) 
Instituto Nacional de Pesquisas Espaciais (INPE Space program development and management 

Campos 


) 
Canada Canadian Space Agency (CSA) R&D for and management of space programs 
) 


People’s Chinese Academy of Space Technology (CAST Beijing Development and management of the space science programs 
Republic of 
China 


France Centre National d'Etudes Spatiales (CNES) Management of all facets of space programs 


Germany Deutsche Forschungsanstalt fur Luft- und Raum- Cologne 
fahrt eV (DLR) : R&D for and operation of space program 


India Indian Space Research Organization (ISRO) : R&D for and management of space programs 
Italy | Telespazio = t~t*~é“‘“‘;SSCC#C#C#*@ Rome ~=—_| Space commercialization, R&D within space program 


Japan Institute of Space and Astronautical Science Sagamihara Scientific research and space science research programs and 
development 


National Space Development Agency (Nasda Tokyo Development, operation, and management of space programs 


Spain Instituto Nacional de Técnica Aeroespacial (INTA) 

Sweden Swedish Board for Space Activities (SBSA) 
Swedish Space Corp. (SSC) Kiruna Research and operations of space missions 

Kingdom : 


United Goddard Space Flight Center (GSFC) Greenbelt, Launch operations and control management for NASA space 
States Md. programs 


Jet Propulsion Laboratory (JPL) Pasadena, Management and operation of unmanned solar system explora- 
Calif. tion program 


National Aeronautics and Space Administration Washington, All facets of manned and unmanned civilian space programs 
(NASA) D.C. 


National Oceanic and Atmospheric Administration Washington, 
(NOAA) D.C. 


Institute of Space Device Engineering 
Intercosmos Council 
Scientific Council for Radioastronomy 


International Coordination of Space Techniques for Austin, Texas’ | Coordination of space observations required for geodetic and 
Geodesy and Geodynamics (CSTG)” ° geodynamic measurements 








































































Research into and operations and maintenance of earth explora- 
tion and meteorological satellite systems 


Provision of vehicles and launch support for space program 
Management and operations of space program resources 
Ground- and space-based radioastronomy observations 







Moscow 
Moscow 
Moscow 


Comité Consuitatif International des Radiocommuni- | Geneva Establishment and maintenance of technical support for the in- 
cations (CCIR)° ternational radio regulations 

Consultative Committee on Space Data Systems Pasadena, Establishment and maintenance of standards for space data 

(CCSDS)° Calif. systems 

European Organisation for the Exploitation of Darmstadt, Operations and management of European meteorological satellite 

Meteorological Satellites (Eumetsat) Germany systems 

European Space Agency (ESA) Management of all facets of the European Community's joint 

space programs 
Inter-Union Commission on Frequency Allocations Epping, Establishment and maintenance of adequate spectrum alloca- 
for Radio Astronomy and Space Science (lucaf)* N.S.W.,° tions for radio astronomy 
Australia 


Source: Robert M. Taylor 

a At press time. 

b Formally, Commission VIII of the International Association of Geodesy. 

c These organizations have the status within the Space Frequency Coordination Group of observers—that is, they are not space agencies but have concerns that would affect or be affected by the space 
science services. 

d Center for Space Research, University of Texas. 

e B.J. Robinson, CSIRO, Division of Radiophysics. 


NOTE: All these space agencies have agreed on what to do about most allocations to various space science services. All the members of the Space 
of the important issues facing the space science services (see main text), Frequency Coordination Group, which was founded in 1979, are civil- 
and their conclusions are being advanced to the 1992 World Adminis- ian agencies mainly interested in space exploration and research. Some 
trative Radio Conference. In addition, some of the individual nations countries have more than one member because more than one agency 
that are home to these agencies have formally submitted proposals for has a distinctive space science responsibility. 
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data back to earth. A major driver for more 
bandwidth in the immediate future is the 
proposed Mission to Planet Earth—a com- 
prehensive, multinational study of the global 
environment and its processes. 

But before such projects can be made pos- 
sible, the demand for higher-bandwidth 
spectrum allocations to support the trans- 
mission of data at rates up to 650 megabits 
per second must be satisfied. Japan and the 
United States have proposed allocating the 
25.25-27.50-GHz band to the job of send- 
ing this data back to earth through a network 
of geostationary data relay satellites. Other 
countries may well support this proposal at 
WARC-92. 

DEEP SPACE PROBES. The ITU definition of 
deep space is any distance greater than 2 
million kilometers from the earth. Five times 
farther than the moon, that distance is a lit- 
tle beyond the Lagrangian distance where a 
body would be held in equilibrium by the 
gravitational fields of the earth and the sun. 

Interplanetary probes into deep space 
must communicate with the earth in differ- 
ent frequency bands from spacecraft in earth 
orbit; otherwise, the weak signal levels (on 
the order of 2 x 10° W/m’) from such dis- 
tant spacecraft would be overwhelmed by 
the much higher signal levels (on the order 
of 3 x 10° W/m’) from much closer 
spacecraft. 

Currently, there are allocations to the 
space research service near 32 and 34 GHz 
that are limited to deep space—but only in 
Australia, Spain, and the United States. For 
many other countries, these space research 
allocations are not limited at all. The Unit- 
ed States has proposed to WARC-92 that the 
deep-space limitation be applied to those fre- 
quencies worldwide. Generally, members of 
the Space Frequency Coordinating Group 
agree that this is a good idea, and Brazil has 





submitted a similar proposal. 

To provide adequate spectrum for commu- 
nications supporting the manned exploration 
of the solar system, new allocations are re- 
quired at frequencies above 20 GHz. U.S. 
President George Bush’s space exploration 
initiative is one example of such future mis- 
sions; it calls for the establishment of a lunar 
colony beginning in the year 2001. 
MARCHING ON MARS. Communication links 
for such exciting projects will require band- 
widths of 500 MHz to be made available, 
without being restricted to deep-space 
use—in part so that equipment for Mars 
can be first tested on the moon. As the 
result of preliminary technical studies of 
available frequency bands between 20 and 
40 GHz, NASA has suggested that the bands 
37.0-37.5 GHz and 39.5-40.5 GHz would 
be most suitable for future planetary 
missions. 

In addition, the former Soviet Academy 
of Space Science (IKI) has identified the re- 
quirement that allocations be made for com- 
munication links supporting radio astronom- 
ical observations known as very long 
baseline interferometry (VLBI). The acade- 
my envisions one or more radio telescopes 
located on the earth with others on one or 
more spacecraft thousands or tens of thou- 
sands of kilometers away, with the two far- 
flung sets of instruments simultaneously 
studying the detailed structure of the same 
quasi-stellar object (quasar). 

The communication links for such radio 
telescopes would have to provide precisely 
phased timing information to the space plat- 
form, as well as wideband communication 
channels from the space platform to the 
earth. The bandwidths required are 1 GHz 
(between 20 and 40 GHz) and up to 10 GHz 
(above 40 GHz). 

Russia has proposed the allocations 28.5- 





A beacon for uplink power control 


A number of new systems are beginning to explore 
the possibilities of satellite communications at fre- 
quencies of 20-30 GHz. However, a major problem 
in communicating at those frequencies via satellite 
is that the signals are absorbed as they travel through 
rain or water vapor in the earth’s atmosphere. 

The attenuation increases exponentially with 
higher frequency. At 20 GHz or higher, rainfall can 
destroy tens of decibels in signal strength. Such vary- 
ing attenuation must be overcome if communica- 
tions systems at those frequencies are to be reli- 
able and economically viable. Uplink power control 
is one method of countering the effects of rain fading. 

At the 1992 World Administrative Radio Confer- 
ence, the United States and other nations will pro- 
pose establishing a frequency band for space-to- 
earth satellite beacon signals, which can be moni- 
tored by earth stations for attenuation. Then the sta- 
tion originating the signal could dynamically adjust 
the power of its uplink (earth to space) transmission 
to counter the atmospheric attenuation suffered at 
any given moment. 
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The Advanced Communications Technology Sat- 
ellite (ACTS), which the U.S. National Aeronautics 


and Space Administration (NASA) has developed and 


has scheduled for launch in early 1993 to demon- 
strate satellite communications technologies in the 
20- and 30-GHz bands, will operate a beacon at 
27505 GHz. The beacon's steady signal will be moni- 
tored by the ACTS control station at NASA's Lewis 
Research Center in Cleveland, Ohio, to test the feasi- 
bility of real-time uplink power control in mitigating 
rain attenuation. 

The United States has proposed that uplink power 
control beacon frequencies be established within 
the 275-29.5-GHz portion of the spectrum, which 
is currently allocated to the fixed-satellite service for 
uplink use only. Since the beacon is a narrow-band- 
width downlink signal received by the uplink earth 
station, the beacon would not interfere with uplink 
fixed satellite service operations. Establishing a fre- 
quency band for uplink power control beacon sig- 
nals is expected to benefit future systems in the 20- 
30-GHz band. —Ann 0. Heyward 








29.5 GHz and 74-84 GHz to satisfy these 
VLBI requirements. While supporting those 
proposals, the Space Frequency Coordina- 
tion Group has considered another 
possibility—namely, that the space VLBI re- 
quirement between 20 and 40 GHz could 
well be satisfied by expanding the proposed 
allocation for the space research service at 
37.0-37.5 GHz into a proposal for 37-38 
GHz; this band would be used jointly for fu- 
ture planetary missions and space VLBI. 
The United States has submitted such a pro- 
posal to WARC-92. 

Some nations view the Russian proposal 

for an allocation at 74-84 GHz for recovery 
of space VLBI data as premature, but the 
sharing conditions in this region of the spec- 
trum are favorable. Thus, in the absence of 
any opposition, this allocation proposal may 
be approved. 
EARTH EXPLORATION. Russia has also pro- 
posed that earth exploration satellite data be 
downlinked to the earth in the band 37.5- 
40.5 GHz. The Space Frequency Coordina- 
tion Group generally agrees that such an al- 
location would be useful. 

In addition, the group wishes to preserve 
certain frequencies for exploring the earth 
and its atmosphere. Certain elements and 
molecules in the earth’s atmosphere strong- 
ly absorb microwave radiation at certain very 
narrow frequencies. Passive observations of 
some of those so-called absorption lines 
yield information about the temperature and 
other characteristics of the atmosphere vital 
to climatologists learning about the earth. 
Measurements of absorption lines, such as 
the frequency of 60.792 GHz absorbed by 
atmospheric oxygen, could be distorted if 
radiocommunication services were allowed 
to use the same frequencies. 

Similarly, environmentalists want to ac- 
quire an allocation for passive observations 
at 149-151 GHz to protect microwave sen- 
sors observing atmospheric water vapor 
lines at 150 GHz. 

Ina nutshell, new or upgraded frequency 
allocations are required to support existing 
and planned space research, earth explora- 
tion satellite, space operation, and intersatel- 
lite activities in frequency bands ranging 
from 400 MHz to 151 GHz. Broad agree- 
ment on the underlying requirements and 
planned uses of those allocations has been 
reached by the members of the Space Fre- 
quency Coordination Group. 

Opposition to these proposals at WARC- 
92 is expected in only a few cases. At 400 
MHz, existing fixed- and mobile-service 
users must be convinced that adequate pro- 
tection to their systems is afforded by the 
values of power flux density limits estab- 
lished in the report of the ITU’s Internation- 
al Radio Consultative Committee (CCIR) to 
WARC-92. 

At 2 GHz, the proposed terrestrial cellu- 
lar elements of the future public land mo- 
bile telecommunication system (FPLMTS) 
could cause significant interference to space 
service operations because of the cumula- 





IEEE SPECTRUM FEBRUARY 1992 








Satellite communications technologies are at the 
stage today where fixed, mobile, and point-to- 
multipoint communications to ever smaller porta- 
ble user terminals can be handled simultaneously 
and compatibly in the same frequency band from 
the same spacecraft. Integrating a full range of com- 
munications services onto one space platform 
means that a whole host of applications will become 
available to users for the price of one launch. Multi- 
purpose communications capabilities using the 
portion of the spectrum from 20 to 30 GHz have 
been designed into a number of communications 
satellites now operating or scheduled for launch in 
the next few years. 

Satellites with diverse capabilities are not always 
readily accommodated at the same frequencies 
under the International Telecommunication Union's 
(ITU's) existing definitions of satellite services and 
the relative status of their allocations. For example, 
at any one frequency, one service may be designat- 
ed as primary (having priority) and the other as 
secondary (not allowed to interfere with the prima- 
ry service). A system offering many services might 
then be limited by the level of interference protec- 
tion available to providing a set of services that does 
not fully meet its users’ needs, 

Current regulations require that a provider coor- 
dinate a satellite system—that is, satisfy procedural 
requirements protecting other communications sys- 
tems from interference—under specific service defi- 
nitions. For multipurpose satellite systems, coordi- 


tive noise from the anticipated high density 
of subscribers [see ‘‘Mobile telecommunica- 
tions,’’ pp. 27-29]. 

This issue has been addressed in several 
CCIR study groups and working parties 
preparing for the coming conference. The 
conclusion: that sharing between these sys- 
tems is not feasible. However, spectrum be- 
tween 1 and 3 GHz must be identified at 
WARC-92 to satisfy FPLMTS requirements, 
adding to the competition for frequency al- 
locations in this range. 

The remaining space service proposals, 

although not expecting strong opposition, 
will not be a cakewalk. Many regulatory and 
technical issues must be resolved in Tor- 
remolinos before allocation proposals will be 
approved. 
TO PROBE FURTHER. The fundamental docu- 
ment outlining the technical issues surround- 
ing the 1992 World Administrative Radio 
Conference is the ‘Technical and Operation- 
al Bases for the World Administrative Radio 
Conference 1992 (WARC-92),’’ published by 
the ITU’s International Radio Consultative 
Committee (CCIR), Geneva, 1991. It is 
available from the General Secretariat, Sales 
Section, International Telecommunication 
Union, Place des Nations, CH-1211, Gene- 
va 20, Switzerland. The document that will 
be revised as a result of WARC-92 is the 
three-volume Radio Regulations, 1990, pub- 
lished by the ITU in Geneva. 

The most authoritative document about 
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nation can become complex. It may be a challenge. 
to determine which service definition accurately ac- 
commodates a particular application. Alternatively, 
the limitations of the service definitions for a frequen- 
cy band may prevent the use of a common satellite 
to provide several applications at that frequency. In 
that case, both satellite and user terminal design 
may be unduly complicated and expensive if ser- 
vices must be offered in different bands. All these 
limitations are due to regulations, not technology. 

The 1992 World Administrative Radio Conference 
(WARC-92) will consider possible allocations of fre- 
quency bands above 20 GHz to a new service vari- 
ously called the multipurpose satellite service or the 
general satellite service. Creation of the service could 
simplify the process of implementing multipurpose 
satellite networks. 

International support for the creation of such a 
service is substantial. Exact frequencies to be allo- 
cated are still being debated because their selec- 
tion must be based upon a variety of technical and 
regulatory considerations. In addition, WARC-92 
must determine which bands offer the best possi- 
bilities of sharing with existing service applications. 

The move toward multipurpose satellites in the 
20-30-GHz bands has been under way for many 
years in several countries. In the United States, the 
National Aeronautics and Space Administration 
(NASA) is developing the Advanced Communications 
Technology Satellite (ACTS), which, after its 1993 
launch, will operate at those bands, offering ex- 





perimental fixed, mobile, and point-to-multipoint ap- 
plications. 

At least one U.S. company, Norris Satellite Com- 
munications Inc.,Red Lion, Pa., has proposed to con- 
struct, launch, and operate a multipurpose satellite 
that would exploit the technologies being developed 
by ACTS to provide commercial fixed, mobile, and 
point-to-multipoint applications at the same bands. 
The US. Federal Communications Commission sup- 
ported the creation of a general satellite service for 
systems of this kind, which in part led to the US. 
proposal to WARC-92. 

Japan's CS-3, launched in 1988, and ETS-VI space- 
craft, set for launch this coming August, are 
designed to explore satellite communications capa- 
bilities at 19 GHz (downlink)/28 GHz (uplink) and 20 
GHz (downlink)/40 GHz (uplink), respectively. In Eu- 
rope, the Olympus spacecraft of the European Space 
Agency and the Italsat satellite of the Italian Space 
Agency were developed to explore communications 
applications at 19/29 GHz and 20/40 GHz, respec- 
tively. Several countries in ITU’s Region 2 (North, 
Central, and South America, and the Caribbean) 
have expressed support for the definition of a new 
multipurpose satellite service within the 20-30-GHz 
portion of the spectrum. 

In effect, a general or multipurpose satellite ser- 
vice is emerging in the 20-30-GHz frequency bands 
around the world. At WARC-92, nations will have the 
opportunity to discuss its formalization. 

—Ann 0. Heyward 





the ITU itself is the International Telecom- 
munication Convention, 1982, published by 
the ITU’s General Secretariat in Geneva. It 
is reprinted in Gerd D. Wallenstein’s [nter- 
national Telecommunications Agreements 
(Oceana Publications, Dobbs Ferry, N.Y., 
1986). 

A succinct background paper on the major 
issues of WARC-92—particularly those fac- 
ing the U.S. government—is The 1992 World 
Administrative Radio Conference: Issues for 
U.S. International Spectrum Policy, prepared 
by the Office of Technology Assessment, 
U.S. Government Printing Office, Novem- 
ber 1991. The 134-page document, OTA-BP- 
TCT-76, is available for US $6.50 from the 
Superintendent of Documents, Mail Stop 
SSOP, Washington, D.C. 20402-9328. 

The concerns of amateur radio operators 
are summarized in ‘‘WARC-92: What it 
Means to You,”’ by Kirk Kleinschmidt and 
Paul Rinaldo, QST magazine, June 1991, 
pp. 16-18 and p. 64. 
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Testability on TAP 


Testing loaded digital logic 
boards becomes much easier 
with a standard test access 
port, or TAP meant for 
boundary-scan tests 


ate in 1985, a number of 
test engineers representing 
major European electron- 
ics companies met in Eind- 
hoven, the Netherlands. 
Their concern: the declin- 
ing effectiveness and rising 
cost of testing loaded digi- 
tal printed-circuit boards by probing them 
physically. The revolution started by what 
would eventually become the Joint Test Ac- 
tion Group (JTAG)—and still gathering 
momentum—enables loaded digital logic 
boards to be tested without being probed. 

The new approach in testing is based on 
boundary-scan. This technique gives access 
to individual chip pins by including a little 
standardized circuitry on every IC. What is 
revolutionary here is not boundary-scan it- 
self (which has been used for years by some 
manufacturers of large mainframe com- 
puters) but the development of a standard 
for it, and the acceptance of that standard 
by many manufacturers of ICs, test equip- 
ment, and design automation tools around 
the world. 

Today, just over five years after that meet- 
ing, the required standard—ANSI/IEEE 
Std 1149.1—has been established, and 
the first products to support it are on 
the market. These early arrivals fore- 
shadow a wide spectrum of ICs, tools, 
and techniques that could transform the 
way all types of testing are performed, 
from design debugging, through 
manufacturing and systems test, on into 
field service. 

To appreciate how far boundary-scan 
has come and to assess its prospects, 
it is helpful to review why it is needed 
before explaining what it entails. 
SMALLER AND DENSER. Conventional 
methods for testing loaded circuit boards 
have become steadily less effective as ICs 
have both shrunk in size and grown more 
complex. Test techniques that became popu- 
lar in the 1980s—notably in-circuit testing— 
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depend on the ability to make contact with 
connections internal to the loaded board. 
The most common means of doing so are 
bed-of-nails fixtures and hand held diagnostic 
probes. But the use of surface-mounted 
devices, particularly when coupled with 
double-sided component mounting and bur- 
ied vias, turns probing the finished product 
into an obstacle course, at the very least. 

Moreover, the greater the complexity of 
ICs, the harder it becomes to generate tests 
that will exercise them fully from the board 
edge, as functional testers do. Test data must 
propagate through a number of complex 
chips to reach those at the heart of the prod- 
uct, so that very much longer test sequences 
are needed. Consequently, the time need- 
ed both to generate and execute those se- 
quences has risen sharply, boosting the cost 
of testing. 

Similar trends are evident in the ICs them- 
selves and the systems into which the load- 
ed boards are assembled—ever larger 
amounts of circuitry must be tested through 
amore or less constant number of external 
interfaces. 

Manufacturers have responded to these 
problems by building some parts of the test 
equipment into the circuit itself in systems 
and also, increasingly, in loaded boards and 
ICs. The built-in test equipment (BITE) is 
directly attached to complex building blocks 
deep within the circuit, but is controlled re- 
motely from an external test processor, to 
coordinate tests applied using BITE and ex- 
ternal test equipment. 





In some cases, enough test capability can 
be built into the circuit for a test to be per- 
formed in response to a simple GO instruc- 
tion from the external processor. This tech- 
nique is called built-in self-test (BIST). 
BOUNDARY-SCAN BASICS. Boundary-scan is 
a built-in technique for testing a loaded 
printed-circuit board—specifically, the dig- 
ital ICs and their interconnections. Its key 
feature is the insertion in every IC of small 
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quantities of logic, called boundary-scan 
cells, between each pin and the chip circuitry 
to which that pin normally is directly con- 
nected [Fig. 1]. In addition to their connec- 
tions to the package pins and the working 
logic, the boundary-scan cells have other 
terminals through which they can be con- 
nected to each other, forming a shift-register 
path around the periphery of the IC. 
During normal operation, data is passed 
between pins and logic as if the boundary- 
scan cells were not there. When put into the 
test mode, however, they can be directed by 
a test program to pass data along the shift- 
register path, which need not be confined 
to a single chip, but can encompass the en- 
tire board. Once data has been loaded into 
the cells, it can be used instead of the data 
flowing to or from the pins, so that either 
the internal logic or the external chip-to-chip 
connections can be tested. Boundary-scan 
thus can put desired test sequences wher- 
ever they are needed. It also makes it easy 
to distinguish testing the chips themselves 
from testing the connections between chips. 
The formal name for the new standard is 
ANSI/IEEE Std 1149.1, IEEE Standard Test 
Access Port and Boundary-Scan Architecture. 
It defines a number of ‘‘tools’’ that may be 
built into ICs to assist in the testing of load- 
ed boards and other assemblies, and it gives 
details on how the tool set can be expanded 
to meet the needs of a particular chip de- 
sign. The standard also defines a method of 
communicating test instructions and data 
from an external test processor to the vari- 
ous ICs on a board so the right combi- 
nation of tools can be configured and 


Boundary-scan: a technique for providing 
electronic access to the input and output pins 
of an IC through incorporation of a shift- 
register path between each pin and the logic 
inside the chip. 

Emulation test: a test technique for loaded 
boards in which the on-board microprocessor 
is disabled while its function is emulated by 
the test system. 

Functional test: a test process that relies primari- 
ly on stimulating a loaded board through its con- 
nector and observing its normal outputs. During fault 
diagnosis, handheld guided probes may be used 
to gain access to internal signals on the board under 
test. 

In-circult test: a test technique for loaded boards 
that requires contact to every internal signal con- 
nection. That contact is provided by a bed-of-nails 
test fixture. 
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used at each successive stage of testing. 

Four or five extra pins, over and above the 
normal pins with their added boundary-scan 
cells, are found on an IC that complies with 
the new ANSI/IEEE standard. These pins 
constitute the test access port, or TAP. The 
TAP is analogous to the diagnostic socket 
found on many automobiles: it allows an ex- 
ternal test processor to control and commu- 
nicate with the test features built into the 
product. 

Of the TAP pins, two (test data in, TDI; 
and test data out, TDO) provide for the seri- 
al input and output of data, while the others 
control the movement and use of data in ac- 
cordance with a defined protocol. The pro- 
tocol is interpreted by a small finite-state ma- 
chine (the TAP controller) that generates the 
control signals required to operate the test 
tools built into each IC. Those control 
signals—Update, Mode, and Shift/Load*— 
determine such matters as whether the 
boundary-scan cell should be in its normal 
mode or test mode (the asterisk on some 
signals indicates that they are active when 
at a logic zero level). 

The TAPs of individual ICs on a loaded 
board can be configured in various ways. In 
Fig. 1 at top, they are connected to provide 
a single ‘‘daisy-chain’’ serial data path that 
snakes its way around the board. Building 
that single serial path is simple: the TDO of 
one chip is connected to the TDI of the next 
chip in the chain. Note that, in the Fig. 1 ex- 
ample, the control signals are not daisy 
chained but broadcast in parallel to all 
boundary-scan ICs. Those control signals 
are the Test Clock (TCK), Test Mode Se- 
lect input (TMS), and, optionally, Test Reset 
input (TRST*). 

The boundary-scan register is the prin- 





cipal tool defined by the standard. It consists 
of a chain of shift-register-based cells around 
the periphery of an IC as described earlier 
(Fig. 1, right]. 

THREE TEST TYPES. Three principal types of 
tests can be performed with the boundary- 
scan register. They are: interconnect tests, 
using the EXTEST (external test) instruction; 
chip tests, using the INTEST instruction; 
and sampling, using the SAMPLE instruction 
[Fig. 2]. 

The interconnect test is invoked by enter- 
ing the EXTEST instruction into the chips at 
each terminal of a set of interconnections. 
Test patterns are then shifted into the 
boundary-scan cells at chip output pins and 
driven onto the board-level interconnections 
by setting their Mode inputs to 1. The 
responses that arrive at chip inputs are load- 
ed into their boundary-scan cells (while 
Shift/Load* is 0) and shifted out for exami- 
nation (while Shift/Load* is 1). By careful 
selection of the applied test patterns, it is 
possible to test chip-to-chip connections for 
stuck-at, short-circuit, open-circuit, and 
other fault types. 

Suppose, for instance, a circuit contains 
a short-to-ground (stuck-at-0) fault and a 
wired-OR short-circuit fault in the chip-to- 
chip connections [Fig. 2, left]. To look for 
these faults, the EXTEST instruction must be 
selected and two test patterns applied. Each 
is shifted into the boundary-scan registers 
separately, with the rightmost bit of the pat- 
tern being shifted in first. The expected 
responses, which would be shifted out as the 
next test pattern is shifted in, differ from the 
actual responses that indicate the presence 
of the faults. In either case, the rightmost 
bit would be shifted out first. Package —_/ 
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The INTEST instruction allows a low-speed 
test to be applied to chips on a board by, for 
example, single-stepping them through their 
paces. (Complex chips, of course,are more 
efficiently tested through use of on-chip 
BIST, accessed and controlled through the 
standardized boundary-scan test circuitry.) 

When the INTEST instruction is selected, 
the Mode control signals for the boundary- 
scan cells at input pins are set to 1. Test vec- 
tors are shifted into the boundary-scan reg- 
ister and applied to the circuitry within the 
IC [Fig. 2, middle, where it is represented 
as a single NAND gate]. The test result is 
then loaded into the cell at the output pin 
(Shift/Load* 0) and shifted out for examina- 
tion (Shift/Load* 1). 

The SAMPLE instruction can be used dur- 
ing design debugging or walk-back guided 
probing (for example, during functional or 
system test). When this instruction is select- 
ed, it holds the Mode inputs of all cells in 
the IC at 0, so that signals flow directly be- 
tween the package pins and the on-chip 
logic. Thus, the chip is free to perform its 
intended function normally. 

While normal, non-test operation is in pro- 
gress, the boundary-scan register can take 
snapshots of the signals flowing into and out 
of the chip [Fig. 2, right]. By cycling the 
operation of the loaded board or system and 
taking a succession of snapshots, it is pos- 
sible to build up a picture of the operation 
of the circuit from the data shifted out of the 
boundary-scan register. 

DEVICE ID. It is sometimes necessary to iden- 
tify the source, type, and version of an IC 
during testing. For instance, the wrong ver- 
sion of an IC may have been used or a 
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[1] When loaded onto a printed-circuit board, components that con- 
form to the boundary-scan standard can be daisy chained so that 
all of the circuitry on the board is testable from the edge connector 
(top left). What makes that possible are the chips’ test access ports 
(TAPs) and the boundary-scan cells inserted on every chip between 
each of its pins and its internal logic (above). Each boundary-scan 
cell (bottom left) is connected to the adjacent boundary-scan cells 
as well as to the chip logic and an I/O pin. 
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second-source component that is not total- 
ly compatible with the original, or 
application-specific ICs with radically differ- 
ent functions but identical package styles 
may have been mixed up. 

To assist with these problems, the stan- 

dard specifies a device identification regis- 
ter that can be included in a chip design. In 
response to the IDCODE (identity code) 
instruction, this register loads 32 bits of data 
that identify the chip manufacturer and chip 
type and version in a defined format. This 
data is then shifted out of the circuit for ex- 
amination. 
BYPASS REGISTER. The bypass register is, in 
effect, a null tool that can be selected when 
no other test operation is required in a given 
IC. Selecting the bypass register with the 
BYPASS instruction allows the normal oper- 
ation of the IC to continue without interfer- 
ence. It speeds the flow of test data through 
the IC by reducing to one clock cycle the 
number of clock transitions required to move 
data from the serial input to the serial 
output. 

The BYPASS instruction is particularly use- 
ful when a few complex chips are to be test- 
ed ona board containing many other ICs that 
meet the standard. In that case, the BYPASS 
instruction can be scanned into all ICs other 
than those that will undergo test, while the 
target ICs receive the instructions appropri- 
ate to initiating the required tests. 

Built-in self-test, BIST, the highly effective 
way of testing complex circuits, is encouraged 
by the new standard special instruction, 
RUNBIST. RUNBIST can be fed to an IC to 
trigger self-test execution in a uniform way, 
independent of the details of the test. 

Before publication of the standard, there 
was no uniform way to access the BIST fea- 
tures of ICs once they had been assembled 
onto a board. For example, execution of the 
self-test might have required application of 
idiosyncratic sequences at the chip inputs or 
careful monitoring of the outputs. Conse- 
quently, in most cases, the addition of BIST 
had to be justified solely in terms of its ben- 
efit to the IC manufacturer. 
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By combining BIST and boundary-scan, 
on-chip BIST can be made available to all 
users of an IC and accessed at both the 
loaded-board and system levels. The benefit 
to such users would readily offset an increase 
in the cost of the ICs themselves. For one 
thing, much less need be developed in the 
way of system-level diagnostics when 
boundary-scan and BIST are provided in ICs 
and made accessible at the system level. A 
study performed by AT&T Bell Laboratories, 
Murray Hill, N.J., for a small private branch 
exchange (PBX) system showed a two-thirds 
reduction in the time taken to develop sys- 
tem diagnostic software. A further indica- 
tion of user interest in self-test is evident 
from recent Department of Defense (DOD) 
requirements for complex digital systems, 
which must guarantee their readiness by 
completing a high-quality self-test within 
tens of seconds of power-up. 
CUSTOMIZATION. A key goal of the standard’s 
developers was that it should be extendable 
to meet a particular IC’s requirements, 
provided certain basic rules are met. A num- 
ber of IC makers are already taking this op- 
portunity to supply test- and design-support 
tools specific to their ICs. 

Two types of design-specific tool are pos- 
sible: public tools, for component users, and 
private tools, for just the IC manufacturer. 
Instructions relating to private tools would 
be clearly identified as ‘‘not for customer 
use’’ in product documentation, while 
public-tool instructions would be fully 
documented. 

The IC designer may take advantage of 
the extendability of the standard to provide 
more test-support tools with corresponding 
instructions—say, offering the component 
user a range of self-tests that go beyond the 
RUNBIST instruction. For example, quick 
tests could be supplied for use at power-up 
or in certain field service environments; al- 
ternatively, detailed, more time-consuming 
tests could be provided to exercise parts of 
the IC in depth. 

The designer may even make non-test 
support tools accessible through the TAP. 
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The 320C50 digital signal processor (DSP) 
from Texas Instruments Inc., Dallas, for ex- 
ample, provides the circuitry mandated by 
the standard and offers support for in-circuit 
emulation through an extended instruction 
set. The extra instructions give the user ac- 
cess to internal registers on the chip. Thus, 
two support requirements—test and firm- 
ware debugging—are supported through a 
common interface (the TAP). Other vendors 
of DSP ICs, most notably AT&T, are taking 
a similar approach, and standards may even- 
tually evolve in this area. 

Elsewhere, manufacturers are developing 

electrically alterable memories that can be 
reprogrammed through their TAPs, without 
removal from the board. 
INSTRUMENT ON A CHIP. In the longer term, 
the standard could serve as the basis for 
embedded instrumentation—instrumentation 
integrated onto a chip, which in turn could 
be built into a loaded board or system to 
facilitate observation or control of its be- 
havior. Of most value in that application 
would be the standard’s provision of a uni- 
form framework for moving instructions and 
test data. The standard delivers the equiva- 
lent of the IEEE Std 488’s capability for 
rack-and-stack instrumentation. 

Silicon instruments will especially bene- 
fit highly miniaturized systems—for exam- 
ple, those that have to be immersed in cool- 
ant when powered up. Applications also exist 
in less sophisticated systems. For example, 
intermittent problems can be elusive; after 
all, Murphy’s Law dictates that they will 
rarely occur when the field technician is on 
site. In such cases, very low-cost instrumen- 
tation, based on ICs like TI’s, could be in- 
stalled in a working system; then, whenever 
a fault occurred, they could send the history 
of the events preceding it to a remote ser- 
vice center. 

Given all these examples and possibilities, 
what do they imply about the nature of 
testers in the future? One thing is certain: 
there will be changes, and those changes will 
be dramatic. 

Of course, in the beginning, some of the 
components on a board will con- 
form to the standard and some will 
not. Most manufacturers of test 
equipment have indicated that dur- 
ing that transitional period, they 
will respond to the standard with 
software upgrades to their existing 
products. That will leave the test 
engineers in a familiar environment 
during the transitional period. 

Eventually (rather quickly in 
some companies), use of the 
standard will be fully combined 
with BIST. Then testers could 


[2] The boundary-scan register 
facilitates testing the interconnec- 
tions between chips (left) and the 
chips themselves (middle). It also 
helps in grabbing ‘‘snapshots’’ of 
pin activity (right). 
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well be no more than a small computer 
(perhaps a PC) equipped with appropri- 
ate software and, in some cases, a hard- 
ware plug-in to provide programmable 
clocks and a means of addressing the 
TAP. Alternatively, the PC’s parallel 
I/O port can be used as a low- 
throughput connection to a board’s 
TAP. 

Testers of these kinds are already 
available from several companies—for 
example, AT&T, Texas Instruments, Al- 
pine Image Systems, Los Altos, Calif., 
and Carl Zeiss, Oberkochen, 
Germany—offer an early glimpse of the 
future. 

Testing of off-board connections can 
be achieved through an ‘‘active sock- 
et’’ consisting of a number of 
boundary-scan cells connected to form 
a shift-register-based path that visits 
each connector pin [Fig. 3]. Such sock- 
ets would appear to the PC-based 
tester as an additional boundary-scan 
component appended to the loaded- 
board’s serial daisy chain. They could 
be constructed as molded modules— 
one per connector type—and pro- 
grammed through their TAP to match 
the input/output configuration of the 
particular board. 

Through use of ANSI/IEEE Std 1149.1, a 
structured approach can be taken to the test- 
ing of loaded boards. With such an approach, 
it will be possible to reuse test data created 
for individual [Cs—for example, their post- 
manufacturing tests or a self-test procedure. 
Test development for the loaded board in- 
volves assembly of this pre-existing data and 
test pattern generation targeted at the 
‘‘new’’ circuitry introduced when the board 
is assembled—the chip-to-chip interconnec- 
tions and the circuitry that does not conform 
to the standard. 

Test equipment for testing individual ICs 
can be expected to undergo similar changes. 
In the long term, widespread use of 
boundary-scan and BIST will allow power- 
ful and expensive automatic test equipment 
to be replaced by much simpler, lower-cost 
test systems. Already, one supplier (Schlum- 
berger Technologies, Mountrouge, France) 
has developed a test system for ICs that use 
serial built-in test techniques, such as 
boundary-scan. Here, the chief advantage of 
built-in testing is that most connections be- 
tween test system and the IC can be exer- 
cised at low speeds—say, a few mega- 
hertz—reducing the amount of expensive, 
high-performance test circuitry required in 
an ATE. 

SYSTEM TESTING. As with boards, assembled 
systems can accept a structured test based 
on boundary-scan. Here, the pre-existing 
test data for the various boards is brought 
together and supplemented ‘with tests for 
new system-level features, such as board- 
to-board connections. Work on a standard to 
facilitate such an approach is well advanced. 
This draft standard—currently named IEEE 
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[3] Although it can test all of the components on a board, 
boundary-scan circuitry cannot test a board’s connections 
to the outside world. That gap may be bridged by an ‘‘ac- 
tive socket’’ consisting of a number of boundary-scan cells 
connected to form a shift-register—based path touching every 
connector pin. 


P1149.5, Module Test and Maintenance 
Bus—will define a uniform method of com- 
municating test, maintenance, and other 
support information between a system-level 
test processor and a module-level controller 
(the equivalent of the TAP). The system- 
level test processor may be built in, in which 
case it could be accessed remotely over the 
phone network, or it could be a PC-based 
tool of the kind described earlier. 

With the advent of boundary-scan and 

powerful portable notebook and laptop PCs, 
it will once again become possible to equip 
field technicians with testers of similar fault- 
finding capability to those used in the 
manufacturing environment. The value of 
such highly portable tools in field service 
could be enormous. 
ACCEPTANCE. One pleasure about working 
on ANSI/IEEE Std 1149.1 has been the 
speed with which the standard has been 
picked up and put to work. The room for in- 
novation allowed by the expandable instruc- 
tion register and instruction set has made it 
possible for both test and other features of 
ICs to be activated through the TAP. The 
positive experiences of designers and cus- 
tomers with the first generation of ICs that 
conform to the standard, and with the grow- 
ing set of hardware and software tools, has 
been striking. 

ATE manufacturers such as GenRad, 
Schlumberger, Teradyne, and Hewlett- 
Packard are assigning lead researchers to the 
expected revolution in testing. They believe 
the first ripples of change are already behind 
them, and expect the first sizeable wave 
within this next year. 

Among IC vendors, Analog Devices, 





AT&T, and Texas Instruments have an- 








nounced digital signal processors with 
boundary-scan. Leading-edge micro- 
processors have been announced by 
Intel, Motorola, National Semicon- 
ductor, and MIPS Computer Systems. 
National Semiconductor Corp., Santa 
Clara, Calif., and Texas Instruments 
 Inc., Dallas, also offer standard logic 
parts with boundary-scan, which can 
aid in testing boards using components 
that do not support the standard. 

TO PROBE FURTHER. ANSI/IEEE Std 
1149.1, IEEE Standard Test Access Port 
and Boundary-Scan Architecture (SH 
13144), is the formal document that 
defines the new boundary-scan stan- 
- dard. It is available for $49 from the 
IEEE Service Center, Box 1331, 445 
Hoes Lane, Piscataway, N.J. 08855- 
1331; 1-800-678-IEEE. The center 
also provides an introduction to the 
standard in the form of a tutorial book 
consisting of specially written papers 
and selected reprints. The Test Access 
Port and Boundary-Scan Architecture 
(C.M. Maunder and R.E. Tulloss) is 
published by the IEEE Computer So- 
ciety Press, Los Alamitos, Calif.; 
714-821-8380. 

Further material may be found in the 
proceedings of the major conferences on test 
technology such as the International Test 
Conference and the European Test Confer- 
ence, and in many of the trade journals of 
the electronics industry. 

IEEE Design and Test magazine has been 

selected as the journal of record by the IEEE 
1149.1 Working Group. 
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APPLICATION/INSTRUMENTATION 


Digital storage scopes advance 


Color display and data 
storage techniques make 
Jor more meaningful 
signal views and complex 
statistical measurements 


he leap from analog to dig- 
ital oscilloscopes eliminat- 
ed information about wave- 
form stability, made evident 
by the varying intensity of 
traces on an analog scope 
display. Now the loss has 
been more than made good 
by techniques newly developed for the dig- 
ital storage oscilloscope (DSO). These rep- 
resent waveform stability by color-grading 
the relative frequencies with which wave- 
form points occur, and displaying the differ- 
ent frequency ranges in different colors. 

Further, the statistical data from which 
such a display is generated can be used for 
really difficult quantitative tasks. These in- 
clude histogram analysis, testing to within 
set limits, and automatic measurements 
using statistical techniques. 

In analog oscilloscopes, any cycle of a 
repetitive signal traced on the phosphor of 
the cathode-ray tube (CRT) will fade 
over time unless the signal is retraced 
identically. This waning persistence 
reveals how often the signal traces the 
same or different paths. Parameters 
that could be observed (but not easily 
measured quantitatively) include ver- 
tical (voltage or current) noise, horizon- 
tal jitter, and trigger instability. 

Some high-performance analog oscil- 

loscopes do allow the user to control 
how long the waveform remains on the 
CRT before being erased [Fig. 1, top 
leftmost]. The feature was developed 
for viewing one-time, single-shot signals and 
infrequent events, but it cannot be calibrat- 
ed and is adjustable over only a limited peri- 
od of time. A further complication is the ten- 
dency for the trace to fade or bloom as 
intensity adjustments are made. 
DIGITAL PERSISTENCE. Early DSOs solved 
the fading or blooming problems by refresh- 
ing displays with a digitized version of the 
signal stored in RAM. But in the process 
they lost information concerning signal per- 
sistence and hence signal stability. 
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Today’s DSO techniques for displaying 

signals with variable and infinite persistence 
emulate analog phosphor performance to a 
degree. In digital scopes, variable persist- 
ence allows the signal trace’s duration to be 
precisely adjusted, making the feature even 
more usable than in analog scopes. 
TIME AGING. The most common variable- 
persistence technique used in DSOs is called 
time aging [Fig. 1, top center left]. With time 
aging, each acquired point of a waveform is 
represented on the screen by one pixel, or 
dot, of constant intensity. The dot remains 
until the persistence time set by the user is 
reached, and then is ‘‘aged,’’ that is, erased 
from the display. 

A more recent variable-persistence tech- 
nique, called intensity grading [Fig. 1, top 
center right], is based on a modified time- 
aging technique employing several intensi- 
ty levels (up to 16). Sets of pixels acquired 
during one sweep grow steadily dimmer until 
they vanish at the end of their allotted span, 
instead of suddenly going from maximum to 
zero intensity at that point. In essence, 
waveforms that occur less frequently (due 
to some form of signal instability) are ac- 
quired less often and therefore appear dim- 
mer. Only the display is improved, howev- 
er; because the technique is implemented 








with the time-aging approach, no quantita- 






Color grading is 
like infinite persistence 


with a colorized version 


of intensity grading 
thrown in 


tive measurements can be made from the 
variable-persistence data. 

Infinite persistence [Fig. 1, top rightmost] 
is an extension of variable-persistence tech- 
niques. In general, it accumulates wave- 
forms on the DSO display indefinitely, dis- 
playing every acquired pixel with the same 
intensity. It reveals gross signal characteris- 
tics, such as long-term drift or worst-case 
jitter, and captures rare events such as a 
metastable state. But like intensity grading, 
the technique is generally a display function 
only—it provides no quantitative measure- 
ment capability. 
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Color grading is like infinite persistence 
with a colorized version of intensity grading 
thrown in. The process allows waveform 
points to accumulate indefinitely on the 
display, with the user deciding when the 
screen should be cleared. The waveform 
thus displayed is analogous to a topographi- 
cal map where different colors indicate 
different altitude ranges (or ‘‘number of 
points,’’ in the case of the waveform) [Fig. 
1, bottom right]. 

The means used to implement color grad- 
ing, moreover, vastly enhances quantitative 
data measurement and analysis. Internal dig- 
ital circuitry and software create a statisti- 
cal database that accumulates thousands of 
repetitions of a waveform from which the 
color-graded display is generated. The 
microprocessor, RAM, and software mimic 
a two-dimensional array of counters [Fig. 1, 
bottom half]. Each ‘‘counter’’ in the ‘‘array’’ 
represents a pixel (or time/voltage coor- 
dinate) on the display and is incremented 
when a waveform sample falls on that pixel. 

The process is simple enough. Each time 


Bloom: the tendency of a waveform display to spread 
over a CRT in time, producing a large, distorted view 
of the waveform. 

Eye diagram: an oscilloscope display resembling 
an eye, formed by acquiring a random data 
stream with the oscilloscope triggered by the 
data stream’s synchronous clock. Also referred 
to as an eye pattern. 

Histogram: a graphical (bar chart) represen- 
tation of probability distributions. 

Mask: a graphical drawing, typically some 
polygon, used in inclusive or exclusive limit 
testing. 

Measurement statistics: statistics, such as 
mean and standard deviation, determined by 
examining a set of measurements, Each mea- 
surement in the set is computed from raw 
waveform data. 

Metastahility: the tendency of bistable devices, 
such as flip-flops, to enter a quasistable state from 
which the final output state is uncertain. 
Statistical measurements: measurements com- 
puted directly by examining a large set of raw wave- 
form data to determine statistical concentrations (that 
is, histograms). 

Persistence, infinite: a display mode in which 
waveform points accumulate indefinitely on the dis- 
play screen, usually with all waveform points of the 
same color or brightness. 

Persistence, variable: a display mode that allows 
control of how long waveform information remains 
on the display screen before being erased. 
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the waveform is sampled (horizontal time 
axis), its amplitude (vertical axis) is scaled 
into a range of 1-256. The sample time and 
amplitude value form the column and row 
addresses, respectively, of a location in the 
16-bit-wide statistical database memory. Any 
count stored in that location is checked to 
see if incrementing it will cause an overflow 
(resetting the value to all Os). 

All the values in the database are kept at 
maximum count if that count has been 
reached. Otherwise, the count for that ad- 
dress is incremented. 

Visually, this stored data is used to add a 
third dimension to the display. Color acts like 
az axis, indicating the density of events at 
various horizontal and vertical locations. 
Different colors are assigned to different 
ranges of count values in the database. 

This assignment of colors to ranges of 
count values is based on the maximum count 
value residing in the database at the time the 
display is updated. At every update, in other 
words, the maximum database count and the 
color boundaries are recalculated. Conse- 
quently, the display reflects the statistical 
database as it changes over time. 

CONS AND CURES. A few drawbacks to the 
color-graded technique should be noted. 
First, because the database ‘‘counters’’ are 
of finite size and stay at maximum once they 
reach it, the database and display will wash 
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[1] Analog scopes with variable persistence (top leftmost) provided in- 
tensity information that could be used to spot jitter and random noise, 
but had fading or blooming problems. Digital scopes with time aging 
(top center, left) solved fading and blooming problems, but lost inten- 
sity data. Newer techniques include intensity grading (top center, nght), 
infinite persistence (top rightmost), and color grading (bottom night). 
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out after a long period of time, when all 
values reach maximum and are graded with 
the same color. 

Fortunately, this would take several hours 
to happen, even for an extremely well- 
behaved and stable signal. A simple way to 
prevent such an occurrence is to use a ‘‘stop 
on maximum count’’ capability, which would 
halt acquisition as soon as a single database 
counter filled up. 

Second, in extreme cases, the waveforms 
of interest may be displayed in fewer colors 
than is desirable for a detailed analysis. Nor- 
mally, all acquired waveforms are accumu- 
lated into one database, and if any of them 
have quite different stabilities (that is, ver- 
tical or horizontal dispersions) from the 
waveforms of interest, these last may have 
their colors skewed toward either end of 
the color-grading spectrum. 

Several color-graded DSOs solve this 
problem by enabling the waveform area of 
the screen to be split in two, the division 
being based on user-defined waveform 
criteria, such as stability. Each area has its 
own underlying database (although at half 
the vertical resolution) and each waveform 
area can be color graded individually. 

An inconvenience of color grading is the 
slowness with which the display is periodi- 
cally updated. The DSO software that con- 
verts the many count values into colors can 











Used to produce a color-graded display, special software, along with 
a microprocessor and memory (bottom left), create a statistical data- 
base that keeps a count of how many samples fall on each pixel of the 
display. In effect, the database is a two-dimensional array of coun- 
ters (bottom center); each counter in the array is associated with a 
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take up to 2 seconds at each update to paint 
the whole screen. 

POWER OF STATISTICS. While subjectively 
meaningful, the color-graded display is a less 
important application of the underlying 
statistical database than detailed quantitative 
analyses of the signal within the instrument 
itself. 

One such use is the computation and dis- 
play of histograms. Histograms are bar 
charts of the distribution of samples in a 
statistical population, that is, a data set. They 
can be useful in measuring random vertical 
(say, voltage) and horizontal (timing) 
phenomena in signals. Noise, for instance, 
can be measured using a vertical histogram, 
while jitter can be measured using a horizon- 
tal histogram. 

The resulting histogram statistics, such as 
mean (m), peak-to-peak (Pk-Pk), and stan- 
dard deviation (rms A, or oa), accurately 
quantify these useful signal characteristics. 
It becomes possible not only to measure 
how much noise or jitter is in a signal, but 
also to pin down the nature or source of the 
noise; the latter is indicated by the histogram 
distribution (as given by the percentage of 
samples contained within one, two, and 
three standard deviations around the mean) 
and shape. 

Random noise generally produces the nor- 
mal, bell-shaped (Gaussian) distribution, 
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whereas a nonrandom source, such as cross 
talk from an asynchronous signal, often 
generates a bimodal or other non-Gaussian 
distribution that is readily apparent. The 
nonrandom noise source may also be appar- 
ent in the color-graded display from the den- 
sity (frequency of occurrence) information. 

The statistical database may also be used 
for an automatic and quantitative measure 
of test conformance—an improvement on 
cutting masks out of paper and pasting them 
to the oscilloscope screen or drawing masks 
on the screen with a grease pencil. In toler- 
ance and pass/fail testing with a statistical 
database, regions that correspond to desired 
specifications or standards are outlined elec- 
tronically on the display. Once these have 
been masked off, the instrument makes use 
of the database to calculate how many sam- 
ples fall in each masked area. As samples are 
added to the database, each mask count is 
updated. 

One useful application of the combination 
of statistical database with mask testing is 
in analyzing metastability in digital circuits. 











The output of a flip-flop, for example, can 
be compared to a mask (or set of masks) of 
acceptable tolerances for a large number of 
acquired waveforms. This technique can re- 
veal statistical information about how often 
the flip-flop’s failure to adopt either one of 
two stable states occurs, and can also help 
to analyze the nature of the metastability. 
TIME SAVINGS. When the user must make 
multiple measurements for, say, vertical and 
horizontal histograms, the statistical data- 
base lets it be done on the same set of wave- 
form data. Previous methods required the 
user to acquire a new set of waveforms if the 
histogram type or limits needed to be 
changed. Because it often takes minutes or 
hours to satisfy statistical criteria in a wave- 
form region in order to make a valid meas- 
urement, the statistical database can save 
the user a lot of time. 

Masks, too, can be changed—edited or 
completely redrawn—and new counts auto- 
matically generated from one and the same 
set of waveform data in the database. The 
user also may switch back and forth between 
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High-reference 
limits (90 percent) 


Low-reference 
limits (10 percent) 


Base line 


High-reference 
histogram 


Low-reference 
histogram 





[2] To make a rise-time measurement using statistical measurement techniques, the top line 
and base line are determined using a vertical histogram. The top line and base line are used 
to establish the limits for the low- and high-reference histograms. The rise time ts the differ- 
ence in time between the peaks of the two histograms. 
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histogram analysis and mask testing, again 
without re-acquiring waveform data. 

Designers and manufacturers using IEEE- 
488 or RS-232-C instrument interfaces can 
even transfer the statistical database to a 
computer for data logging or in-depth anal- 
ysis. Such users can then retrieve selective 
waveform areas of importance to their test 
algorithms. 

Perhaps the strongest attraction of the 
statistical database, though, is that it allows 
the use of statistical measurement algo- 
rithms, as opposed to simply computing 
statistics on measurements. 

Many modern DSOs continuously meas- 
ure and display the instantaneous values of 
waveform measurements, and then calculate 
and display certain statistics about them. For 
example, the instrument may keep a histo- 
ry of its instantaneous measurements of the 
rise time of a pulse, and then display that his- 
tory’s mean and standard deviation. Both 
these characteristics are measurement 
statistics. 

Statistical measurements, in contrast, are 
computed by examining the statistical con- 
centration, or histogram, of samples in both 
the vertical and horizontal axes. A vertical 
histogram, in which the counts in each 
horizontal row of the database are summed 
[Fig. 2], is first used to determine top-line 
and base-line values—the two points on the 
vertical histogram with the greatest number 
of horizontal counts over the entire acquisi- 
tion time. These values are then used to de- 
termine vertical levels at which horizontal 
histograms are calculated (that is, where a 
limited number of counts in each vertical 
column are summed). 

Then one or more horizontal statistical 
concentrations or timing points are identi- 
fied. These are generally referred to as low- 
reference (10 percent), mid-reference (50 
percent), and high-reference (90 percent) 
crossings. From these vertical and horizontal 
statistical measurements, precise timing and 
voltage measurements can be made of, say, 
a signal’s rise time. 

In certain cases, statistical measurements 
and measurement statistics may yield the 
same result. However, here are some im- 
portant differences: 
¢ Measurement statistics are computed on 
measurements obtained using traditional 
measurement algorithms—they apply to 
waveforms that are single valued over time. 
They do not produce correct measurements 
on random data streams (those that are mul- 
tivalued over time), such as are common in 
digital transmission systems, for instance. 
e Measurement statistics typically have a 
much smaller sample size than statistical 
measurements. This may cause the mean 
value from measurement statistics to be un- 
stable if the waveform has much noise or 
jitter. 

e Since statistical measurements need many 
waveforms, it may take longer to get results. 
NEW MEASUREMENTS. By working over the 
wealth of waveforms to be found in the 
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statistical database, statistical measurement 
algorithms make possible fully automatic, ac- 
curate, and repeatable measurements that 
were difficult or impossible to make till now. 
For example, traditional measurement al- 
gorithms produce highly unstable rise-time 
measurements in high-speed digital circuits 
with jitter. In modern DSOs, in an attempt 
to reduce the effects of jitter (and noise), sig- 
nal averaging is commonly applied, but it has 
the effect of low-pass-filtering the signal, 
thereby degrading its rise time. The great- 
er the jitter present, the more the signal’s 
rise time (and hence bandwidth) is degrad- 
ed. In contrast, statistical measurement al- 
gorithms extract accurate, repeatable meas- 
urements from signals with large amounts 
of jitter (and noise), not by averaging them, 
but by using the histographic data as the 
basis for the rise time measurement. 

Jitter and noise, which have always been 
difficult to measure directly, are easier to 
measure with a statistical database because 
they are fundamentally statistical phe- 
nomena. Traditional automatic measure- 
ment algorithms do not lend themselves to 
making statistical measurements. Further, 
manual techniques, like cursor settings that 
are needed to initiate traditional automated 
measurements, are problematic; they are 
subject to differences in user setup and are 
hard to automate, since they rely on the 
user’s visual capability to set up the meas- 
urement. The statistical measurement sys- 
tem can make the measurements directly 
and automatically, with virtually no guess- 
work or measurement setup required of the 
user. 

Of particular concern to the telecommu- 
nications industry is making pulse parame- 
ter and timing measurements on random 
data streams, commonly referred to as eye 
diagrams [Fig. 3]. Making timing measure- 
ments on the acquired data from an eye dia- 
gram is virtually impossible with traditional 
techniques. The data acquired over many 
waveform acquisitions jumps at random be- 
tween the eye’s high and low states, which 
traditional measurement algorithms treat as 
actual signal transitions but which are merely 
random high and low bits. Thus a rise-time 
measurement on this type of signal usually 
yields the time between samples instead of 
the actual rise time of the signal. 

Statistical measurement algorithms do 
much better. The following seven-step al- 
gorithm could be used to measure rise time 
on eye diagram data acquired into the 
statistical database, using techniques simi- 
lar to those shown in Fig. 2. 

1. Compute the top line and base line of the 
waveform by summing horizontal rows of 
database counts. Generally, there will be two 
large peaks in the sums—one at the top line 
and one at the base line, since these values 
occur most often. 

2. From the top line and base line, compute 
the low-, mid-, and high-reference values 
(usually 10, 50, and 90 percent, respective- 
ly, for a 10-90 percent rise time). 
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[3] An eye diagram 1s formed by acquiring a random stream of serial digital data with an 
oscilloscope triggered by a synchronous clock (top). As the oscilloscope samples the random 
stream of high and low bits, it overlays the high and low samples from many acquisitions on 
the display. In the resulting diagram, which resembles an eye (bottom), the time of the mid- 
reference crossing does not lie between the first low- and high-reference crossings, as it does 
in a nonrandom signal, but succeeds these crossings. 


3. Examine the counts in the database row 
corresponding to the low-reference level. 
For an eye diagram, there will be at least two 
peaks, corresponding to positive- and 
negative-going crossings through the low- 
reference level. Store the time of these 
crossings for later computation. 

4, Repeat the process at the mid-reference 
level to find the mid-reference crossings. 
(Unlike the low-reference crossing on the 
eye diagram, there may be only one peak 
here.) 

5. Repeat the process at the high-reference 
level to find the high-reference crossings. 
(As for the low-reference crossing, there will 
be at least two peaks here.) 

6. Determine whether the waveform is an 
eye diagram by looking at the order of the 
low-, mid-, and high-reference crossings in 
time. 

(An eye diagram is unique in that the first 

low- and high-reference crossings both pre- 
cede the mid-reference crossing; this occurs 
because the eye diagram contains overlaid 
positive- and negative-going signal seg- 
ments. In contrast, in the usual nonrandom 
pulse signal display, the mid-reference cross- 
ing always occurs between the low- and 
high-reference crossings.) 
7. For eye diagrams, measure the time from 
the first low-reference crossing to the sec- 
ond high-reference crossing to find the rise 
time. This accounts for the overlaid positive- 
and negative-going crossings. For signals 
that are not eye diagrams, rise time is the 
time of the first low- to the first high- 
reference crossing. 

Using similar techniques, other 
measurements—including width, phase, and 
propagation delay—can be computed from 


the statistical database. In addition, meas- 
urements are recomputed as new data is ac- 
quired into the database or when any meas- 
urement parameter changes. Since all the 
data is stored in the statistical database, 
changing measurement parameters or re- 
questing new measurements does not re- 
quire a new acquisition. 

TO PROBE FURTHER. More detailed informa- 
tion on the color-graded technique and ap- 
plications of the underlying statistical data- 
base can be found in a series of technical 
notes from Tektronix Inc., Beaverton, Ore. 
Included among them are Color Grading and 
the Statistical Database, note 47W-7806, 
1990; Using Histograms for Jitter and Noise 
Measurements, note 47W-7804, 1990; Mask 
Template Testing, note 47W-7805, 1990; and 
Statistical Measurements, note 47W-7973, 
1991. 

An article by Rodney T. Schlater, ‘“Wave- 
form Graphics for a 1-GHz Digitizing Oscil- 
loscope,’’ Hewlett-Packard Journal, April 
1986 (the company’s headquarters are in 
Palo Alto, Calif.), discusses some of the 
benefits of variable- and infinite-persistence 
display techniques in DSOs. 

N. Nishimoto et al., ‘‘New Method of 
Analyzing Eye Patterns and Its Application 
to High-Speed Optical Transmission Sys- 
tems,’’ JEEE Journal of Lightwave Technol- 
ogy, May 1988, provides information on the 
relationship between mask patterns and 
known bit-error rates. 

ABOUT THE AUTHORS. Thomas A. Dye and 
Erik Teose are both senior hardware/soft- 
ware engineers for the Measurement 
Solutions Product Group of Tektronix Inc., 
which is focused on developing high-speed 
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ADVANCED TECHNOLOGY/COMMUNICATIONS 


Switching to photonics 


Voice, video, and data will 
eventually be switched 

by hardware that 

exploits the interplay 

of photons and electrons 


elecommunications in the 
future will rely on light as 
heavily in switching as it 
does today on light in trans- 
mission. The vast infor- 
mation-carrying capacity of 
optical fiber will be joined 
to the astounding connec- 
tivity of photonics. 

Each new wave of switching hardware will 
have more photonics embedded in it. In 
1995, the first specialized applications will 
be appearing. By 2000 there may not be 
purely photonic switching but there certainly 
will be abundant photonics; for exam- 
ple, photonic links will interconnect 
printed-circuit boards, multichip mod- 
ules, and equipment frames. By 2010, 
optoelectronic switching fabrics could 
be bringing business community and 
residential customers alike a panoply of 
broadband services: video, high- 
definition television, and switched 
videotelephone conversations and con- 
ferences; fast data file transfers and in- 
formation retrieval; data exchange for 
diskless workstations; and animated 
graphics, for example, all in addition to 
today’s voice and data services. 

A future photonic switching office for 
telecommunications will support more than 
10 000 channels, each with a bandwidth 
greater than 150 Mb/s. The aggregate bit 
rate for the office’s switching fabric will be 
greater than 1 million megabits per second 
(1 terabit per second). In contrast, today, 
channel bandwidths are 64 kb/s, and an elec- 
tronic switching office handles an aggregate 
bit rate of less than 15 Gb/s. 

ENGINEERING FOCUS. As of now, laboratories 
in industry and universities around the world 
are at work ona variety of photonic switch- 
ing architectures and devices [see table, 
p. 45]. A few photonic switching devices 
have just come on the market, though they 
are still small arrays. In addition, some pro- 
totype hardware was demonstrated at the 
Telecom ’91 conference in Geneva, Switzer- 
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land, last October. The focus now in many 
laboratories is on engineering—increasing 
capacity and performance while reducing 
size and cost. Still other concepts are in an 
early experimental stage. 

The work is proceeding along two diver- 
gent paths. Guided-wave photonics is bet- 
ter understood and more highly developed. 
It capitalizes on temporal bandwidth: com- 
bining a large number of users into a single 
physical channel, either through time mul- 
tiplexing or wavelength multiplexing, in 
structures like optical fibers and star and 
directional couplers. These structures are 
bandwidth transparent (support any bit rate). 

The alternative, free-space photonics, ex- 
ploits spatial bandwidth: serving many users 
in parallel through many separate channels 
in structures like lenses, mirrors, holograms, 
and arrays of optical logic gates or optoelec- 
tronic integrated circuits. Essentially, 
guided-wave photonic switching supports 
many users on a small number of physical 





channels, while free-space photonics sup- 
ports a large number of users on a large num- 
ber of lower-speed channels. 

GUIDING WAVES. Probably the most highly 
developed version of guided-wave photon- 
ic switching is based on directional couplers. 
Indeed, these devices have been the main- 
stay of photonic switching for 15 years. 

A directional coupler is like a switchtrack 
on a railway: it sends light signals straight 
through or diverts them to an adjacent chan- 
nel. These devices can handle massive bit 
flows easily, but they are relatively slow in 
switching a signal from one path to another. 
They also are subject to cross talk and sig- 
nal attenuation and cannot be integrated on 
a large scale. Nonetheless, they have an im- 
portant application: as protection switches 
for fiber transmission links. If a failure oc- 
curs on a fiber link, a directional-coupler- 
based fabric can reroute its traffic all at once 
to an alternative link. The microsecond 
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reconfiguration time required is trifling. 

Ericsson Ab, Stockholm, Sweden, and 
AT&T Co., Berkeley Heights, N.J., now 
offer directional coupler switches for sale in 
eight-by-eight arrays (eight inputs switch- 
able to eight outputs). 

A basic directional coupler consists of two 
optical inputs, two optical outputs, and one 
or more electrical control input [Fig. 1]. Cou- 
plers are usually made of a crystal of lithi- 
um niobate into which a titanium channel is 
diffused to create a lightwave guide, al- 
though there has been some work on galli- 
um arsenide and indium gallium arsenide 
phosphide material systems. A change in 
voltage on the device’s electrodes alters the 
optical properties of the material, rerouting 
the channels from the bar or bypass state to 
the cross or exchange state (from straight 
through to criss-cross). 

Up to a point, two-by-two directional cou- 
plers can be integrated in a single fabric. One 
factor limiting fabric size is the attenuation 
by the device of signals passing through 
it. But the signal loss can be reduced 
by special interconnection network to- 
pologies. For example, the dilated 
Benes rearrangeable network limits 
loss to a logarithmic (instead of a line- 
ar) increase with switch size—they 
keep loss low until the switches be- 
come very numerous. 

A further limit on fabric size is cross 
talk. To minimize cross talk, special 
networks are used to ensure that no 
two inputs on a directional coupler are 
active simultaneously. Again, the dilat- 
ed Benes scheme keeps cross talk low, al- 
though others, like the the Ofman and ex- 
tended generalized shuffle networks, are 
good too. 


Connectivity: effective number of connections 
to and from a device or other hardware. 
Fabric: interconnection network hardware com- 
posed of switching nodes and links between them. 
Fully connected: said of a switch in which any 
input channel can be connected to any output 
channel, provided another connection does not 
occupy part of the path. 

Nonblocking: said of a switch in which any idle 
input channel can be connected to any idle out- 
put channel. 

Packet-switched network: network that divides 
information into blocks, each containing address 
and control data. 

Photonics: technologies based on interactions 
between electrons and photons. 








IEEE SPECTRUM FEBRUARY 1992 








Anatomy of a directional coupler 
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Yet other limits on integration are the great 
length of directional couplers in relation to 
their width and the large minimum bending 
radius of the diffused waveguides. All these 
constraints add up to a maximum integrat- 
ed array size of 32 by 32. Larger switching 
fabrics have to be built up by interconnect- 
ing 32-by-32 arrays. 

Another approach to guided-wave switch- 
ing is time-division, rather than space- 
division, multiplexing. The division can be 
done by interchanging time slots or by using 
multiple-access devices like star couplers. 

In time-slot interchangers, users are as- 
signed slots on a single channel. Switching 
is done by a reconfigurable fabric that re- 
arranges the temporal positions of the slots 
according to each’s destination. The slots are 
then separated and sent onward. The con- 
nection between users is virtual. 

In multiple-access switching, however, 
the connection between users is real and 
physical, albeit intermittent. For example, 
a star coupler network combines all its input 


channels and distributes them equally to all 
its outputs. Decoders on the output ports, 
instructed by a central controller, select the 
input they want to receive. 

SLOT INTERCHANGE. Most proposed photonic 
time-slot interchangers (TSIs), when an 
input arrives in a given time slot, send it 
directly to the desired output time slot in a 
single step, over an optical-fiber delay line. 
The photonic interchanger based on direc- 
tional couplers chooses a fiber whose length 
will delay the input slot just the right amount 
to fit it into the output slot. Work on this is 
being done at NEC Corp., Tokyo, and AT&T 
Bell Laboratories, Murray Hill, N.J.. 

The input is divided into time slots com- 
posed of many bits, with a little dead time 
between slots. That way, the coupler need 
not switch too often, and its low switching 
speed is not a handicap. Time slots for voice, 
data, and video users may be freely mixed. 
AT&T Bell Laboratories’ Disco system 
demonstrated the principle in an eight-by- 
eight switching fabric. 
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[1] A directional coupler 
can route a light signal 
straight through (bar/by- 
pass state) or switch it to 
an adjacent waveguide 
(cross/exchange state). 
Many such couplers can 
be connected together on 
a lithium niobate chip. 
When the couplers are 
joined in a pattern 
known as the dilated 
Benes network (an 
eight-input, eight-output 
version appears here), 
cross talk is minimized 
because any coupler can 
have only one of its in- 
puts active at any in- 
stant. Color lines show 
one of many possible 
configurations of paths 
from inputs to outputs; 


Output dashed lines show un- 
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Another kind of time-slot interchanger 
shifts the input slots through intermediate 
time-slot stages until they are in the desired 
output slot. With this scheme, the inter- 
mediate stages do not have to be fully con- 
nected or nonblocking, as they do in the 
single-stage interchanger. This time-division 
system is analogous to a multistage space- 
division network. One such system has been 
proposed by researchers at the University 
of Colorado, Boulder. 

Time-division multiplexing by multiple- 
access fabrics may use a passive shared 
medium such as an optical-fiber ring. For 
input and output, the ring is accessed either 
by passive taps such as fiber couplers or by 
active taps such as directional couplers. In 
asynchronous ring, each user is assigned a 
unique time slot in which to read informa- 
tion from the ring. Other users can send in- 
formation to a user by entering it into the 
destination user’s time slot. Access to the 
time slots is arbitrated by a central con- 
troller. Asynchronous, distributed-control 
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schemes are another possibility. 

Like time-division fabrics, wavelength di- 
vision can rearrange input channels or share 
them through multiple access. A wavelength 
interchanger, for example, can switch a 
wavelength-multiplexed channel—one com- 
bining signals at different wavelengths. Since 
each user has a unique wavelength, a con- 
nection can be made between two users by 
converting a transmitter’s wavelength to 
that of the appropriate receiver [Fig. 2]. 

Ina wavelength interchanger recently pro- 
posed by NEC, the multiplexed input enters 
an optical splitter, where its power is divid- 
ed equally among a group of internal chan- 
nels. Each channel subjects the multiplexed 
input to coherent detection: the input is 
mixed with a monochromatic laser beam— 
tuned to a different wavelength for each 
channel—so that the information on the 
desired input signal is electrically extract- 
ed. This electrical information is used to 
modulate a fixed-wavelength output laser. 
The various output wavelengths are then 
multiplexed and sent on from the inter- 
changer on a single optical-fiber channel. 

A promising multiple-access wavelength 
interchanger is based on a star 
coupler, a device that combines all 
inputs and distributes them to all 
output channels. Each input has a 
unique wavelength. Each output 
channel has a tunable filter that a 
central controller tunes individu- 
ally to match the wavelength of 
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The challenge with time-space-time 
switching is timing. At 4.8 Gb/s, the bits will 
be only 208 picoseconds long, and, to pre- 
vent discontinuities in the output channels, 
they will have to be synchronized within 10 
ps. The onus for the timing falls on the ini- 
tial time-division multiplexer, unless an elas- 
tic store (one whose delay time can be var- 
ied) is placed at the input to the space- 
division switch. Control electronics will have 
to recognize 10-ps time differences. 

To minimize the timing burden, compo- 
nents will have to be packaged with extreme 
care. For example, if optical fibers between 
the initial time-division multiplexer and the 
space-division switch differ by only 1 cm, 
their bit arrival times will differ by all of 50 
ps (for an index of refraction of 1.5). 
RECONFIGURING FABRIC. A wavelength- 
division—-based photonic packet switch is an- 
other kind of a multidimensional fabric. It is 
basically a multiple-access fabric that rapidly 
and continually reconfigures itself to time- 
share channels. In the Hypass system pro- 
posed by Bellcore, Livingston, N.J., pack- 
ets of information entering the fabric are 
briefly stored in a first-in, first-out (FIFO) 
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buffer, then used to modulate a laser tuned 
to the wavelength of the designated output 
port. A star coupler eventually transports all 
channels to receivers at the output ports. 

Control circuitry first checks the desired 
output port to see if it is busy, and, as soon 
as it is not, turns on and tunes the input laser 
to the wavelength of the receiver at the out- 
put port, finally commanding the FIFO buff- 
er to send its stored information to the laser. 

Free-space switching, although not as 
well-developed as guided-wave switching, 
is perhaps even more promising. Several 
laboratories are working on free-space sys- 
tems based on two-dimensional optoelec- 
tronic ICs such as self-electro-optic-effect 
devices (SEEDs), double heterostructure 
optoelectronic switches, and vertical surface 
transmission electrophotonic device arrays. 
QUANTUM WELLS. Of these devices, a sym- 
metric SEED (S-SEED) is particularly use- 
ful. Its structure lends itself to fabrication 
in large arrays by batch-processing. An S- 
SEED is a pair of p-i-n diodes with multiple 
quantum wells in the intrinsic region [Fig. 
3]. The diodes are electrically connected in 
series and reverse biased. One of the diodes 
is on (reflects light) while the 
other is off (absorbs light). Which 
diode is on is determined by the 
ratio of the powers of the light 
beams directed at each diode. The 
reflected differential light beams 
may then be processed through a 
lens or hologram to subsequent S- 
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the input destined for it. 

Several kinds of tunable filter 
are being pursued, including mov- 
able gratings, etalons (wavelength- 
selective interferometers), and 
coherent detectors. All devices 
have advantages and disadvan- 
tages. Movable gratings have good 
resolution but are slow. Etalons 
are fast but have less resolution. 
Coherent detectors offer both 
speed and high resolution, but are 
expensive to use because they 
need a tunable mixing laser. 
TIME-SPACE-TIME. Multidivisional 
fabrics—those based on a combi- 
nation of space-division and time- 
division multiplexing—promise 
huge throughput with rather little 
hardware. As yet, though, such 
systems are only in the concept 
stage. One proposal, from AT&T 
Bell Laboratories, calls for a 512- 
by-512 time-space-time photonic 
switch with an internal bit rate of 
4.8 Gb/s. The 512 input lines, each 
at 150 Mb/s, are partitioned into 
16 sections of 32 lines. Each sec- 
tion is time multiplexed into a sin- 
gle space channel, and all channels 
are fed to a 32-by-32 TSI, through 
a 16-by-16 space-division switch 
and then a 32-by-32 TSI, and fi- 
nally demultiplexed into 512 chan- 
nels, each at 150 Mb/s. 
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[2] In wavelength interchanger, a multiwavelength input is divided 
among many coherent detectors. Heterodyned by a tunable laser, each 
coherent detector extracts an electrical modulation signal represent- 
ing a discrete input wavelength and uses it to modulate a laser oper- 
ating at a different wavelength. Any input wavelength can be switched 
to any output wavelength. 
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[3] Light entering a symmetric self-electro-optic-effect device (S-“SEED) 
is either reflected or absorbed, depending on the ratio of power in the 
separate beams illuminating it and its neighbor. The multiple quan- 
tum-well structures are alternating layers of gallium arsenide and 
aluminum gallium arsenide, each layer about 10 nm thick. 


SEED arrays until they arrive at 
the required output channel. 
The strength of S-SEEDs is that 
large arrays of small devices can 
be built. Using a gallium arsen- 
ide-aluminum gallium arsenide 
heterostructure for multiple quan- 
tum wells, workers at AT&T Bell 
Laboratories have fabricated, by 
molecular beam epitaxy, 128-by- 
256 arrays of S-SEED pairs. The 
weakness of the devices is that 
they require too much energy; at 
present they need about 1 
picojoule to change state. Much 
more work also remains to be 
done on packaging. 
Nevertheless, AT&T Bell Lab- 
oratories has built a 16-channel- 
input, 32-channel-output S- 
SEED-based fabric, an applica- 
tion-specific version of its 32-by- 
64 array. Operating at about only 
100 kb/s, the fabric does not take 
advantage of the speed of S- 
SEEDs, but does demonstrate the 
feasibility of free-space optical in- 
terconnection and packaging. An 
incoming signal is routed to an 
output channel through six switch- 
ing stages. At each stage, the sig- 
nal is split in two and directed to 
an S-SEED pair. A control com- 
puter determines which of the pair 
accepts the signal. The S-SEED 
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SEED = self-electro-optic-effect device. 
DOES = double heterostructure optoelectronic switch. 
VSTEP = vertical surface transmission electrophotonic. 


output from one stage becomes the input to 
the next stage. 

Still in the future are fabrics composed of 
smart pixels—chips with optical detectors on 
their input channels, electronic logic in the 
middle, and either microlasers or modula- 
tors on their output channels. The 
signal-processing ability of electronics plus 
the communication ability of optics will yield 
complex, high-speed switching. 

Finally, free-space optical interconnection 
can be used to link either multichip modules 
(MCMs) or printed-circuit boards. One pro- 
posal, from Bell Laboratories, for 2-D op- 
toelectronic ICs envisions a 1024-by-1024 
network in which each of three stages is an 
electronic MCM with more than 3000 opti- 
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AT&T Co.; LM Ericsson, 
Stockholm, Sweden; 
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and NTT Corp., Tokyo 


AT&T; University College, 
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EARS = exciton-absorptive reflection switch. 
LAOS = light-amplifying optical switch. 


Current status (devices and systems) 
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CSELT = Centro Studi e Laboratori Telecomunicazioni SpA (Telecommunications Research and Study Center), Turin, Italy. 


cal inputs and outputs—an unprecedented 
challenge for package designers. The bit rate 
for each input/output channel would be 
greater than 150 Mb/s. 

ABOUT THE AUTHOR. H. Scott Hinton [M] 
is head of the photonic switching depart- 
ment at AT&T Bell Laboratories, Naperville, 
Ill. 

TO PROBE FURTHER. Author Hinton, with 
Joseph W. Goodman, John E. Midwinter, and 
Peter W. Smith, presented an IEEE Semi- 
nar via Satellite, ‘‘Photonic Switching in 
Communications and Computers,’’ on Sept. 
22, 1988. The three-hour program is avail- 
able on videotape from the IEEE Service 
Center, Customer Service Department, 445 
Hoes Lane, Piscataway, N.J. 08855-1331; 





800-678-IEEE; outside the United States, 
908-981-0060. 

The Optical Society of America sponsors 
a topical meeting on photonic switching 
every two years, most recently March 6-8, 
1991, in Salt Lake City, Utah. Proceedings 
are available from the society, 2010 Mas- 
sachusetts Ave., N.W., Washington, D.C. 
20036; 202-416-1980. 

Photonic Switching, edited by H. Scott 
Hinton and John E. Midwinter, includes 
papers on switching network architectures 
as well as on devices and systems (IEEE 
Press, New York, 1990). 

The IEEE Journal on Selected Areas in 
Communications published issues on photon- 
ic switching in August 1988 and 1990. 
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This former HP engineer 
started his own company 
to exploit the newest 

free resource—the global 
positioning satellite system 


n 1982 the U.S. Global 
Positioning Satellite pro- 
gram—a U.S. government 
plan to launch a constella- 
tion of satellites that would 
allow users worldwide to 
pinpoint their locations— 
was by no means a sure 
bet. Receiver technology was only in the re- 
search and development phase, and govern- 
ment budget slashing was already beginning 
to eat away at the project’s funding. That 
year Palo Alto, Calif.-based Hewlett-Packard 
Co., which had had four engineers working 
on the technology for some four years, took 
its cards off the table. 

Whereupon Charles R.: Trimble decided 
to get into the game. A former HP en- 
gineer then leading a struggling start- 
up company, he put all his chips on the 
Global Positioning Satellite (GPS) pro- 
gram, and in spite of near disaster— 
the Challenger explosion put the GPS 
program on ice for three years—the 
gamble proved a winner. 

And those winnings ballooned into a 
bonanza during the Persian Gulf War, 
when the U.S. military turned to Trim- 
ble Navigation Ltd. for some 10 000 
portable GPS receivers. That kicked 
the expanding company into overdrive, 
and it is now growing at over 100 per- 
cent annually. From last year’s revenues of 
US $63 million, analysts project 1991 
revenues will be $145 million. The compa- 
ny currently has 750 employees, including 
some 200 engineers, an increase of 250 
workers over 1990. 

A quick tempo appeals to Trimble. 
Though a native Californian, he moves like 
a New Yorker late for a train, rushing from 
building to building in the Sunnyvale, Calif., 
industrial park that houses his company. In 
his career, too, he has always been a mover 
and shaker: in 14 years at HP, he was in- 
volved in four new ventures, leaving only 
when that company’s intrapreneurism 
slowed down. 
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Trimble had intended to work as an en- 
gineer for only three months. In 1964, he had 
gained a master’s in electrical engineering 
from the California Institute of Technology 
in Pasadena—which he picked in junior high 
school after hearing it was the hardest school 
to get into—and was planning to enter Har- 
vard Business School in Cambridge, Mass., 
in the fall. Meanwhile, he took a summer job 
at HP. 

“‘T viewed that as my only opportunity to 
understand the engineering world,’’ Trim- 
ble told JEEE Spectrum. ‘‘So I put my heart 
and soul into it, working as many as 90 or 
100 hours a week.”’ 

Before that summer, he had been strong 
on scientific theory, but had never even 
picked up a transistor. By Labor Day he was 
hooked on engineering, and called Harvard 
to withdraw. 

Trimble blames that move on the man who 
hired him, Al Bagley, then head of HP’s Fre- 
quency and Time Division, and his determi- 
nation to keep Trimble out of Harvard’s 
grasp. 

Nor does Bagley deny the charge. When 








recruiting at Cal Tech that spring, he had 
heard about ‘‘this kid Trimble’ from 
everyone—from professors to the clerks in 
the bookstore. The student was impressive 
in an interview, Bagley recalled, but did not 
want full-time employment. Bagley’s bait 
was a challenge: could Trimble build a ‘‘com- 
puter of average transient’’—a digital device 
that could analyze signals and spot repeti- 
tive signals amid noise? If he succeeded, 
Bagley promised that HP would market the 
creation as a special-purpose instrument. 

The new graduate thought the project 
would take two years, but it took four, and 
his plans for business school faded. The HP 
5480 Signal Averager bowed in the fall of 
1968 and became primarily a biomedical re- 
search tool. 
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If Bagley had had any doubts about his 
new hire’s intrepidity, they dissipated one 
stormy day during a sailing race on San Fran- 
cisco Bay. Safe onshore, Bagley saw masts 
breaking and on one small sailboat, a wildly 
swaying mast with Trimble perched atop. 

‘That is the sign of a gutsy guy,’’ Bagley 
said, particularly in light of Trimble’s con- 
genital eye defect. Scar tissue on the retina 
deprives him of all central vision. He there- 
fore cannot drive and must read through 
binoculars or by holding documents close to 
the periphery of his eyes. 
INTRAPRENEURISM. When this ‘‘gutsy 
guy’s’’ computer of average transient was 
completed and on the market in 1968, he 
asked for the chance to figure out a major 
new business area for HP’s Frequency and 
Time Division. Bagley agreed, and Trimble 
targeted real-time dynamic testing of large- 
scale integrated (LSI) circuits. Assembling 
a team of 20 people, one of the largest 
groups in the laboratory, he began building 
a computer-controlled dynamic IC tester. 
Though static testers of LSI chips existed, 
no dynamic testers were then available for 
that level of circuit integration. 

In 1971 the prototype was complet- 
ed, but money looked tight for HP for 
1972, and Trimble’s project was 
canceled. 

Then, undaunted, he started on an- 
other new project—focusing on single- 
shot time interval measurement and 
connectivity between electronic instru- 
ments and computers and calculators. 
One of his project managers became 
the instrumentation point man in the in- 
terfacing effort that led to the HP In- 
terface Bus (HP-IB) and the IEEE 488 
standard. 

Trimble’s last job at HP was as head of de- 
velopment for the Santa Clara—based bipo- 
lar LSI laboratory, which basically did con- 
tract engineering for other company 
divisions. Such a structure allowed for little 
discretionary work, and Trimble was in- 
terested in using the IC fabrication line to 
develop a new series of instruments capa- 
ble of measuring time intervals as short as 
50 picoseconds. So he persuaded corporate 
management to restructure the laboratory: 
in return for a fixed budget instead of total 
dependence on contract research, he would 
reduce staff and eliminate efforts in publish- 
ing and giving academic papers, which were 
taking up one-third of researchers’ time. 

Shaping the HP way to suit his goals was 
standard operating practice for Trimble, ac- 
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Vital statistics 


Name: Charles R. Trimble 

Date of birth: Aug. 20, 1941 

Place of birth: Berkeley, Calif. 

Height: 175 cm 

Weight: 77 kg 

Family: wife, Marcia; daughter, Melinda, age 
13 

Education: B.S. in engineering (physics), 1963, 
and MSEE, 1964, California Institute of Tech- 
nology 

First Job: selling avocados door to door 
Oddest job: growing oat roots for biomedical 
research 

Recent reading: Tucker's Last Stand by William 
Buckley 

Favorite composers: Mozart, Strauss 

Most respected role models: David Packard, Al 
Bagley, and Robert Cooper (former head of 
NASA’s Goddard Space Flight Center) 
Dislikes: brussels sprouts 

Favorite movies: Dances with Wolves, 
Soapdish 

A favorite expression: ‘‘Our assumptions are 
more confining than the laws of physics”’ 
Leisure activities: sailing, cycling, chess 

Pet peeve: when the person doing most of the 
talking has nothing to say 

Management credo: ‘Trade autonomy for com- 
mitment” 





cording to Jim Sorden, an HP colleague who 
is now vice president of product engineer- 
ing at Trimble Navigation. ‘“‘It was well 
known in HP that if you wanted to beat the 
system, talk to Charlie, and he would figure 
out the way,’’ Sorden said. 

When that project ended in 1978, Trimble 
looked around HP and realized that the en- 
vironment had changed. The price for en- 
trepreneurism by that time was working on 
projects that were 10 years from production. 
“HP had gone from a technology-driven to 
a marketing-driven to a resource-allocation 
company in my 14 years there,’’ Trim- 
ble told Spectrum. It was time to go. 

Colleague Sorden was not surprised. 

“Though Trimble did well at HP,’’ he 
said, ‘‘when you get the reputation of 
a rebel, you are clearly not going to 
move up the ladder in a company that 
is becoming more and more conser- 
vative.”’ 
BOOTSTRAPPING. Trimble then turned 
his attention to an HP development 
project in Loran C navigation equip- 
ment that had been canceled. Loran C 
uses time differences between low- 
frequency radio signals from land-based 
transmitters to guide navigators primarily on 
the U.S. coastline and the Great Lakes. 
Trimble approached the project’s division 
manager and, after several months of negoti- 
ation, purchased the Loran technology for 
$50 000, funds he obtained through refinanc- 
ing an apartment building he had purchased 
earlier. He left HP with two engineers from 
the project, Thomas Coates and Daniel Bab- 
bage, and an administrator, Kit Mura-Smith, 
and set up shop as Trimble Navigation Inc. 
in November 1978. 

Though he had always been a hard work- 
er, Trimble was in for a few surprises when 
he took his entrepreneurial talents outside 
of the sheltered corporate environment. ‘‘T 
thought I knew what hard work and commit- 
ment was,’’ he said. ‘‘But I was totally 
unprepared for the set of emotions and 
stresses involved in trying to bootstrap a 
business from zero.”’ 

On his own, survival was the No. 1 con- 
cern. Trimble said he was lucky to get 
through the early days: ‘‘I’m at a disadvan- 
tage in the $0-$2 million business level— 
I’m a strategist, not a street fighter.’’ 

By 1982 Trimble Navigation was selling 
about $1 million of Loran equipment annu- 
ally. But growth in the Loran market was 
flat, so he began looking for a new business 
area to pursue. He found it again in the re- 
ject pile at HP. 

The company had canceled a development 
program for navigation products that used 
the nascent Global Positioning System. At 
the time, plans called for GPS to be com- 
pleted by 1987. 

Trimble, enthralled with the idea of GPS 
as a free information utility ripe for commer- 
cial exploitation, bought the rights to an HP 
GPS breadboard in the summer of 1982. 
With the help of HP’s original design team, 
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doing after-hours consulting, he drafted a 
fundamental GPS block diagram, which he 
considers his best piece of technical work 
to date. 

But Trimble lacked the time to work 
through several generations. He needed a 
product he could sell within 11 months, at 
which point, he calculated, the company 
would run out of money. 

The product area he chose was an obscure 
one—time calibration of cesium clocks, using 
atomic clock signals from GPS satellites to 
calibrate the clocks at naval observatories— 





at best, a $1-million-a-year market. 

Trimble knew that once the GPS constel- 
lation was complete, his $1.8 million com- 
pany would have to have grown up, with 
revenues of at least $50-$100 million annu- 
ally, because large competitors would then 
jump into the business. ‘‘We needed the 
resources to play in the end game,”’ said 
chess player Trimble. The company re- 
quired growth of 60 percent a year, and he 
consistently met and exceeded that. 

In 1985 Trimble Navigation introduced 
GPS positioning for offshore oil surveying 
and developed a GPS navigation sensor for 
aviation (of use to pilots when the GPS con- 
stellation was complete). 

Then in January 1986, with only seven 
GPS satellites in orbit, the Challenger blew 
up. GPS launches were put on hold until a 
new rocket booster could be developed for 
GPS satellites—a delay of three years. 

‘With the satellites up there, we could 
survey to 25 meters, which was good enough 
for offshore use,’’ Trimble said. ‘‘If one sat- 
ellite died, we could still survive. If two died, 
we would have been in deep, deep trouble.”’ 
Meanwhile, the collapse of oil prices hurt the 
offshore survey marketplace. 

So the company began looking for cus- 
tomers that were unconcerned about the 
number of satellites in the sky because they 
were confident of GPS’s efficacy in the fu- 
ture. The prime candidate was the U.S. mili- 
tary, but the military had let an exclusive 
end-user receiver contract to Rockwell In- 
ternational Corp.—Collins Avionics and Com- 
munications Division through 1992, cover- 
ing all the GPS applications it could think of. 

The task for Trimble was to figure out ap- 
plications Rockwell and the military had 
overlooked by assuming receiver equipment 
must cost a lot. He came up with a GPS brain 
for remotely piloted vehicles and personal 











position finders for the infantry, and soon 
created a small rugged finder that could be 
carried in the hand, in a pouch at the waist, 
or around the neck. The military took the 
bait, ordering 1000 Trimpacks at $4000 
each, deliverable in May of 1990. 

GULF BONANZA. When Saddam Hussein in- 
vaded Kuwait, the U.S. military began es- 
calating its orders. Another 1000 units were 
purchased, then nearly 9000 more. Trimble 
went from a company shipping $5 million in 
products a month to one shipping $19 mil- 
lion a month just six months later—all the 
while hanging by its nails as compo- 
nents grew ever harder to obtain. 

The only shadow on this success 
story is Trimble’s dislike of being 
thought of as a military contractor. His 
is primarily a commercial and con- 
sumer products business, and he wants 
to keep any military manufacturing 
down to less than 20 percent. 

Trimble cut his management teeth at 
HP and has, he said, managed the HP 
way ever since. He defines this mana- 
gerial style as one of trading autonomy 
for commitment. 

But autonomy does not mean hands off. 
On a summer’s morning as observed by 
Spectrum, Trimble sprinted from meeting to 
meeting, carrying no documents and taking 
no notes, but seemingly up-to-speed in 
every area—from reviews of current chip de- 
signs in development, to government lob- 
bying concerning export controls, to person- 
nel requisitions, to new product proposals, 
to plans to push defects closer to zero. Most- 
ly he listened, occasionally he asked ques- 
tions, and often he stumped his engineers. 

Modeling complex problems simply so 
they can be solved by himself or others— 
be the problems scientific, engineering, or 
economic—is one of Trimble’s strongest ta- 
lents. In fact, he said, detail bores him. Ralph 
Eschenbach, vice president of avionics and 
sensors at Trimble Navigation, thinks this 
aversion to detail relates to Trimble’s eye- 
sight, which identifies overall shapes better 
than fine detail. ‘‘He tends to force things 
into simplified models and doesn’t get 
trapped with details,’’ Eschenbach said. 

Trimble himself attributes this skill to his 
family’s practice of doing mental math games 
on long car drives, and to Cal Tech profes- 
sor R. David Middlebrook, who insisted that 
students solve a problem on a single page. 

These days, he said, his job is ‘‘to gather 

people around me who are far more talent- 
ed than I am. It is their turn to generate the 
inventions.’’ 
TO PROBE FURTHER. Trimble Navigation Ltd. 
has published an explanatory guide to Global 
Positioning System (GPS) technology, called 
““GPS, a guide to the next utility’ (1989). 
Copies are available from the Sunnyvale, 
Calif., company at 1-800-Trimble. 

‘‘Navstar: the all-purpose satellite’’ 
[IEEE Spectrum, May 1981, pp. 35-40] dis- 
cusses the technology behind GPS and the 
original intentions for such a system. 
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Hawaii's geothermal program 


Though viewed as an 
environmentally benign way 
of generating electricity, the 
island's geothermal power 
plants come under fire 


na forest on the island of 
Hawaii, legal and regulato- 
ry activity has postponed 
the start-up of a small new 
power plant and imperilled 
the design and construction 
of several facilities like it. 

The same old story? 
Hardly. The power plants at stake are not 
nuclear or coal- or even oil-fired, but geo- 
thermal, widely considered one of the more 
environmentally benign ways of generating 
electricity. In a further twist, the opposition 
is coming not only from the usual citizens’ 
and environmental groups, but also from 
worshippers of a native god and, it has been 
alleged, growers of marijuana, a lucrative 
local crop. 

The clash occurs just as geo- 
thermal power sources have final- 
ly proven commercially viable, ex- 
perts say, adding that techno- 
logical advances and industry 
trends in the United States and 
elsewhere seem to favor great ex- 
pansion in its use. ‘‘Many utilities 
are seeing load growth in the 
range of 25-50 MW per year, and 
that’s where geothermal can real- 
ly compete,’’ said Jim Combs, 
president of Geo Hills Associates, 
a Los Altos Hills, Calif., consult- 
ing firm. 

Although under 1 percent of U.S. 
electricity is generated geo- 
thermally, the figure is 8 percent 
in California, where some 1400 
MW are generated at a complex 
north of San Francisco known as 
The Geysers. Indeed, the state’s 
Imperial Valley is to geothermal 
developers what Saudi Arabia was 
to oil prospectors earlier in the 
century. Geothermal energy has 
also been tapped extensively in 
New Zealand, Iceland, Italy, Mex- 
ico, the Soviet countries, Japan, 
and most notably the Philippines, 
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where about 20 percent of electricity is geo- 
thermally derived. 

The Hawaii installation is unusual in com- 

bining the two main types of geothermal fa- 
cility: flash plants, in which turbines are driv- 
en directly by steam from the earth, with or 
without an admixture of hot water; and 
binary-cycle plants, in which heat from sub- 
terranean geothermal fluids is transferred to 
a second fluid, typically isobutane or isopen- 
tane, which drives the turbine. Binary-cycle 
plants began going into commercial service 
in the mid-1980s, and although they cost 
more to build, they have several advantages 
over flash plants. 
BINARY BENEFITS. In a, binary plant, the 
geothermal-heat cycle and the turbine cycle 
can be isolated from one another and the en- 
vironment, minimizing the plant’s impact on 
its surroundings. Also, they can be built to 
exploit geothermal resources of relatively 
low temperature—down to about 150 °C or 
so—opening up many more sites for possi- 
ble use. 

Even so, there are rather few places on 
earth where hot water is close enough to the 





A fiery Madame Pele, the native Hawaiian goddess whose wrath is 
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surface to be exploited for power generation | 
and these, more often than not, are far from 
population centers. The volcanically active 
island of Hawaii is one such place. ‘‘Tech- 
nologically, it’s a very good resource,”’ said 
Richard Campbell, a project manager with 
the Pasadena, Calif., office of the Ben Holt 
Co., a leading builder of geothermal plants. 
Some estimates have predicted that at least 
500 MW could be generated in the Kilauea 
east-rift zone, not far from the famous ac- 
tive volcano of the same name. 

More than 90 percent of the energy used 
in the state of Hawaii is derived from oil, 93 
percent of it from Alaska and the Asian- 
Pacific region and the rest also imported. 
Moreover, the island of Hawaii itself, which 
at present has only about 140 MW of capac- 
ity, faces supply shortages so severe that 
residents regularly wilt beneath rolling 
brownouts. ‘‘We’ ve got about zero reserve 
margin on the Big Island,’’ said William A. 
Bonnet, manager of the environmental 
department at Hawaiian Electric Co. in 
Honolulu. 

Ironically, beneath the island lies a re- 

source that Bonnet said was ‘‘one 
2 of the most promising geothermal 
sites on earth—and probably al- 
5 5 Ways will be.’’ Exploitation of it 
“seemed a good idea when first 
proposed in the early 1970s, partly 
in response to the Arab oil embar- 
go. Now, however, some are not 
so sure. 
DOUBLE WHAMMY. The most effec- 
tive opposition to the project has 
been mounted by local residents 
and environmentalists with two 
main concerns: damage to the 
Wao Kele O Puna rain forest—one 
of a very few in the United 
States—in which some of the fa- 
cilities would have to be built; and 
noise and gases, particularly 
hydrogen sulfide, emitted by the 
plant. (The gases, of natural ori- 
gin, are dissolved in the su- 
perheated water and are released 
when it becomes steam.) Noise- 
abatement devices and scrubbers 
are typically used to restrict emis- 
sions. 

Short- and long-term plans to 
develop the Big Island’s resource 
were dealt two blows last June. At 
around 11 p.m. on the 12th, a well 
being drilled for the lone plant 
under construction, a 25-MW in- 
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stallation combining both flash- and binary- 
cycle turbines, underwent an ‘‘uncontrolled 
venting event,’’ after the drill unexpect- 
edly encountered a pocket of hot, high- 
pressure water some 1100 meters below 
ground. 

Valves designed to prevent an uncon- 

trolled release operated as expected, but the 
hexagonal ‘‘kelly,’’ used to turn the drill, fell 
or was dropped into the circular valves, leav- 
ing gaps through which steam and hydrogen 
sulfide escaped. All told, it took about 31 
hours to get control of the venting, accord- 
ing to Maurice A. Richard, vice president 
of Puna Geothermal Venture (PGV), the 
Hilo-based developer of the site. 
COSTLY EXPERIENCE. The episode has proved 
costly to PGV. Six residences were tem- 
porarily evacuated and several dozen peo- 
ple living nearby, especially those with his- 
tories of allergies, reported various 
reactions. None of these afflictions, howev- 
er, was verified by independent physicians 
or tied conclusively to the venting, accord- 
ing to the State Department of Health. 

Nonetheless, in the wake of the accident, 
the state and county halted all geothermal 
activity, including drilling at the PGV site, 
and revised previous permits issued for 
drilling and construction. Tougher noise, 
gas-emissions, and safety regulations were 
imposed, which will ‘‘amount to millions of 
dollars in additional commitments,”’ 
Richard said. So far, about US $100 mil- 
lion has been spent on the generating 
plant, which is about ‘‘98 percent’’ 
complete, according to Richard. 

What remains to be done is to drill 
one or two more production wells, as 
well as an injection well (for the rein- 
jection of condensate). PGV is now at- 
tempting to clear what Richard hopes 
will be the ‘‘last hurdle’ before it can 
resume drilling: getting the county’s 
approval of an evacuation plan, for use 
in the event of another accident like the 
one last June (the state has already ap- 
proved the plan). Richard estimated that he 
could begin generating electricity as soon as 
a month after resuming drilling, but he had 
no idea when or if the county would approve 
the evaculation plan. 

The second blow came only 12 days after 
the first. Although it is unlikely, at least in 
the immediate future, to affect the PGV ven- 
ture, it could delay or even stave off large- 
scale development of the east-rift zone. On 
June 25, in response to a lawsuit filed seven 
months earlier by a national environmental 
organization, a Federal district court judge 
in Honolulu ruled that all geothermal re- 
search, development, and construction on 
the Big Island are part of an ongoing con- 
tinuum of activities whose goal is the gener- 
ation of 500 MW of geothermal electricity 
for transmission to Oahu (which uses 82 per- 
cent of the electricity generated in the state). 

The judge’s ruling has suspended Feder- 
al permits and support of any kind until an 
environmental impact statement (EIS) is 





50 








filed for the 500-MW project. The PGV ven- 
ture and a planned second 25-MW plant are 
largely unaffected by the ruling because they 
have already secured their permits, and their 
output will be used only on the Big Island. 

Nonetheless, the latest ruling poses prob- 
lems for developers and for the state be- 
cause plans for generating and transmitting 
500 MW from beneath the east-rift zone are 
still being formulated, and no one knows 
quite how a detailed EIS would be written. 
In February 1990, an international consor- 
tium led by Mission Energy Co., Irvine, 
Calif., was selected as the leading candidate 
to build a 500-MW geothermal complex, but 
the group has yet to sign a purchase-power 
agreement with Hawaiian Electric Co. 

‘‘We have not even begun to define ex- 
actly where the transmission lines would 
go,’’ or whether electricity would be tapped 
off for the island of Maui, said Takeshi Yoshi- 
hara, deputy director of the Department of 
Business, Economic Development, and 
Tourism for the state of Hawaii. ‘“The most 
we can do is a generic type of environmental- 
impact statement, and when projects be- 
come specific, they’ll have specific impact 
statements.’ After the ruling, the anticipat- 
ed startup date of a 500-MW facility quietly 
slipped to the late 1990s, from the mid-1990s 
time frame indicated in Hawaiian Electric’s 
original request for proposals. 





Nelson Ho, a vice president for the Ha- 
waii section of the Sierra Club, the San 
Francisco-based environmental organization 
that filed the suit, said, ‘‘If you never look 
at the total package, you never get to see 
the true costs of the project, and what the 
true alternatives are. The cumulative impli- 
cations of the project are never delineated 
for the public, nor debated in an open 
forum.”’ His organization favors greater reli- 
ance on energy efficiency and conservation, 
with wind-, solar-, hydroelectric, and 
ethanol-derived energy making up any need- 
ed increments in capacity. 

Last Oct. 23, the Sierra Club and 11 other 
organizations jointly filed a second lawsuit 
in state court. It is similar in many respects 
to the Federal one, but apparently seeks to 
link the second (planned) 25-MW plant to 
the larger-scale development, in an attempt 
to delay or prevent its construction. This 
plant, a project of the True/Mid-Pacific Co., 
worries environmentalists the more because 











it would be the first in the rain forest (the 
PGV facility is on cleared land formerly used 
for growing crops). 

If a 500-MW complex were in fact built, 
estimates vary as to how much of it would 
be in the rain forest. Ho suspects that ‘‘all 
of it’’ would be; however, a recent study by 
Ogden Environmental & Energy Services 
Co. of Honolulu concluded that only about 
200 hectares, part of it in the rain forest, 
would have to be cleared to make room for 
the power plants, with another 40 hectares 
required for transmission lines and a switch- 
yard. The 240-hectare total is less than 3 
percent of an area set aside for geothermal 
development, and an even smaller fraction 
of the total rain forest area in the eastern Big 
Island. Ho argues that the figures are mis- 
leading, however, and do not account for 
damage or harm to species and the delicate 
environment beyond the geothermal 
plants—for example, from plant emissions 
and the possible introduction of weeds or 
other alien plant and animal species. 
POWERFUL COALITION. The Oct. 23 lawsuit, 
which has not yet come to trial, is also 
notable for its listing of the Pele Defense 
Fund as co-plaintiffs. This group filed a suit 
in Federal court several years ago alleging 
that any geothermal development would 
disturb Madame Pele, the native goddess 
of fire and volcanoes. The suit was ultimately 
defeated a year and a half ago when 
the U.S. Supreme Court refused to 
hear it, thereby upholding the Hawaii 
Supreme Court’s rejection of the 
argument. 

But the union of native peoples and 
environmentalists is proving a power- 
ful one, not only in Hawaii but in the 
U.S. Pacific Northwest and in subarc- 
tic eastern Canada, where hydroelec- 
tric projects have been targeted by such 
alliances. ‘‘It’s a potent combination 
that the industry, to date, has not taken 
seriously enough,’’ said Ho, a former 
park ranger. 

Another, less vocal ally in the Hawaii 
case is said to be growers of marijuana, 
who dread the discovery of their crops that 
activity in the forest could bring. ‘‘The big- 
gest protest movement is being funded in- 
directly by the pot growers,’’ said Combs, 
adding that at least two well-known oppo- 
nents of geothermal development have been 
convicted of felony drug charges and other 
violations. 

The Sierra Club’s Ho concedes that “‘it’s 
a known fact that the marijuana growers are 
here, but you never see them at any com- 
munity functions, because they don’t want 
to call attention to themselves, by question- 
ing state policies or anything else.’ 

TO PROBE FURTHER. Some technical chal- 
lenges, notably that of linking the Big Is- 
land’s geothermal output with demand 
centers on Oahu, are discussed in ‘‘Hawaii 
Deep Water Cable Program,’’ a report pre- 
pared by the Hawaiian Electric Co. for the 
U.S. Department of Energy in 1990. 
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READER GUIDE TO PRODUCTS AND SERVICES 


IEEE Standards 
Now Available on CD-ROM 


The complete set of all active IEEE Standards, in- 
cluding full text, illustrations, diagrams, charts, and 
graphics, is now available, for the first time, on a 
set of four compact-disc (CD) ROMs for MS-DOS 
PC users with CD-ROM capability. 


The product comes with a worldwide standards 
index, which contains an up-to-date listing of all 
|EEE standards as well as other key U.S., non-U.S., 
and international standards. Users may employ the 
index to search for any IEEE standard by either sin- 
gle or multiple keywords, numeric designation of 
the standard, or organizational name. 


One or two pages of text may be viewed on screen, 
and text may be zoomed up, scaled down, or rotat- 
ed for easier readability. The product is available 
as a one-year subscription service, with updates to 
both the IEEE standards set and the worldwide stan- 
dards index issued every 60 days. 

The IEEE Standards on CD-ROM product is avail- 
able from Information Handling Services, based in 
Englewood, Colo.; 800-241-7824 or 303-790-0600, 
ext. 59. 


For more information, CIRCLE #81 on the Reader Ser- 
vice Card. 


IEE HISTORY OF TECHNOLOGY 
SERIES 12: A HISTORY 
OF THE WORLD 
SEMICONDUCTOR INDUSTRY 
$64.00 P. R. Morris 


This book describes the development of semicon- 
ductor manufacturing on a worldwide basis, from 
its early beginnings to current operations. Its ap- 


proach is wide-ranging, éncompassing early ex- 
perimental work rooted in 19th century science. It 
includes a brief historical review of the thermionic 
valve, which played an important part in the gene- 
sis of the semiconductor industry. It also describes 
the establishment and subsequent development of 
semiconductor manufacturing within the various na- 
tion states. Although not a technical treatise, the 
series outlines major device types and manufactur- 
ing processes used in semiconductor fabrication. 
Factors affecting the performance of the industry 
within the major national participants are discussed, 
and the relationship of the industry to science and 
technology is also considered. The book should be 
of interest to scientists and engineers, technical his- 
torians, and, indeed, anyone with an interest in the 
development of modern, all-pervading technology. 


For more information on this series and/or a free 
Catalog of all Institution of Electrical Engineers/Peter 
Peregrinus Ltd. publications, call 908-562-5553, or 
CIRCLE #82 on the Reader Service Card. 


A Word about IEEE Videos. . . 


IEEE videoconferences bring you the world’s lead- 
ing experts on critical topics in computing and en- 
gineering. Originally broadcast live via satellite, they 
provide state-of-the-art information, emphasizing 
practice—not theory. These videoconferences make 
vital topics come alive through exciting and involv- 
ing presentations and are produced with high-quality 
standards. Ranging in length from 3 to 5 hours, most 
videoconferences offer at least three expert presen- 
tations and a question-and-answer period. Each 
package also includes supplementary materials that 
may be photocopied. 

IEEE video tutorials consist of videocassettes— 





usually accompanied by hard copy material. Each 
is designed to give you practical ‘‘how-to’’ instruc- 
tion on important continuing education subjects. 
Comparable to a conference seminar, video tutori- 
als by recognized experts use a minimum of theory 
and formula derivation and are presented on an ad- 
vanced undergraduate or graduate level. 


If you’d like a complete catalog or to be added to our 
mailing list, please CIRCLE #83 on the Reader 
Service Card. 


Satellite Communications 
by Timothy Pratt 


An exploration of the complete system—from space- 
Craft to the atmosphere through which signals pass. 


Program includes a study guide with solutions man- 
ual, final exam, and textbook, Satellite Communi- 
cations, by Timothy Pratt and Charles Bostian (John 
Wiley & Sons, 1986). 


Satellite Communications is $199.00 to IEEE mem- 
bers ($398.00 to nonmembers), plus shipping and 
handling. 


For a full description of the program and complete 
ordering information, call the IEEE today at 1-800- 
678-IEEE . . . Telex: 833233 . . . Fax: 1-908-981- 
1686, or CIRCLE #84 on the Reader Service Card. 


1991 SALARY AND 
FRINGE BENEFIT SURVEY 


How does your income compare with the salaries 
and benefits offered by other employers in the United 
States? The all-new 1991 IEEE U.S. Membership 
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Salary and Fringe Benefit Survey provides the an- 
swers. You'll get definitive information on salaries 
by parameters such as experience, degree, super- 
visory level, geographic area, and technical exper- 
tise as well as details on pensions and retirement 
plans, 401K plans, and vacation leave. 

|EEE member price is $74.95 (plus $5.00 for post- 
age and handling and local sales tax where applica- 
ble); nonmember price is $99.95. 
To order, call 1-800-678-IEEE and refer to product 
# UH 0185-9. For more information, CIRCLE #85 on 
the Reader Service Card. 


NEW IEEE PRESS BOOKS 


CONTEMPORARY CRYPTOLOGY 

The Science of Information Integrity 

edited by Gustavus J. Simmons, Sandia National 
Laboratories 


Written by those at the very forefront of the field, 
Contemporary Cryptology covers all aspects of the 
science of information integrity—from the simplest 
concepts to the latest research. It provides a prac- 
tical guide to the pertinent algorithms, protocols, 
applications, and essential literature. 

November 1991 ISBN 0-87942-277-7 

Order #PC02717-PNE 656 pp. 

IEEE Member Price: $60.00 List Price: $79.95 
SUBSCRIBER LOOP SIGNALING AND TRANSMIS- 
SION HANDBOOK 

Analog 

by Whitham D. Reeve, Reeve Consulting Engineers 


This practical telecommunications handbook 
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taining, and using subscriber loops in both public 
and private networks. 


November 1991 ISBN 0-87942-274-2 
Order #PC02683-PNE 304 pp. 
|EEE Member Price: $47.50 List Price: $59.95 


MODERN POWER ELECTRONICS 

Evolution, Technology, and Applications 

edited by B. K. Bose, University of Tennessee, 
Knoxville 


This up-to-date and authoritative survey of power 
electronics technology and energy saving applica- 
tions focuses on power semiconductor devices; AC- 
DC, AC-AC, DC-DC, and DC-AC converters; PWM 
methods; and converter applications. 


December 1991 ISBN 0-87942-282-3 
Order #PC02766-PNE Approx. 608 pp. 
|EEE Member Price: $55.00 List Price: $69.95 


To order, call 1-800-678-IEEE. For more information, 
CIRCLE #86 on the Reader Service Card. 


The National Electrical 
Safety Code Handbook... 


‘The Essential NESC Users Guide’ 


The National Electrical Safety Code (NESC) is the 
single most important document for safeguarding 
persons during the installation, operation, or main- 
tenance of electric supply and communication lines. 
To do your job right and ensure the safety of utility 
workers and the public, you need to understand 
NESC requirements—and be able to put them to 
work. 

The NESC Handbook pulls together the facts and 


describes the latest techniques for designing, main- | explanations required to implement the Code, and 












it presents them in one easy-to-use reference. It 
covers NESC requirements, detailing work rules and 
putting the Code in historical perspective. Used in 
conjunction with the Code, the NESC Handbook pro- 
vides all the information you need to apply the Code 
correctly in your work environment. 


To order, call 1-800-678-IEEE. For more information, 
CIRCLE #87 on the Reader Service Card. 


THE DESIGN 
AND APPLICATION 
OF DIGITAL BUSES 


The Eduéational Activities Department of the IEEE 
announces a new self-study course, ‘‘The Design 
and Application of Digital Buses.’’ Today, the em- 
phasis is on networking logic and memory modules 
so that data and instructions can be shared. This 
process of transmitting information is called bus- 
ing, and it requires both the physical medium and 
an information protocol. This comprehensive course 


+ Will help the many people associated with digital de- 


sign understand the concept and potential use of 
many digital bus networks. The relationship between 
and among the protocol, interconnection, perfor- 
mance, and standards is reviewed. Specific topics 
covered include printed-circuit interconnection de- 
sign, transmission line reflections, pulse cross talk, 
and transceiver technology and design. 

The course contains a study guide, workbook, 
answer book, diskette, final exam, and two prod- 
uct databooks from leading manufacturers. 


For more information on this course and other con- 
tinuing education materials, call 908-562-5498, or 
CIRCLE #88 on the Reader Service Card. 
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Organizations seeking engineers and 
scientists describe their various open- 
ings in the following advertising 
section 

In order to conform to the Age Discrimination in Employ- 
ment Act and to discourage age discrimination, IEEE may 
reject any advertisement containing any of these phrases 
or similar ones, “recent college grads,’ “1-4 years maxi- 
mum experience” “up to 5 years experience,’ or ‘10 years 
maximum experience’’ IEEE reserves the right to append 
to any advertisement, without specific notice to the adver- 
tiser, ‘Experience ranges are suggested minimum require- 
ments, not maximums.” IEEE assumes that, since adver- 
tisers have been notified of this policy in advance, they agree 
that any experience requirements, whether stated as ranges 
or otherwise, will be construed by the reader as minimum 
requirements only. While IEEE does not ban the use of the 
term “entry level,’ its use is discouraged since, to some, 
it connotes an age rather than an experience designation. 
IEEE accepts employment advertising to apprise its mem- 
bers of opportunities. Interested parties should be aware that 
the political and humanistic values of certain advertisers may 
differ from their own. IEEE encourages employers to offer 
salaries that are competitive, but occasionally a salary may 
be offered that is significantly below currently acceptable 
levels. In such cases the reader may wish to inquire of the 
employer whether extenuating circumstances apply. 


ADVERTISING RATES 

DISPLAY ADVERTISING RATES—call Spectrum at 
2127057579 

CLASSIFIED 

Positions open—$3600 per line, not agency- 
commissionable 

Positions wanted—$3600 per line, a 50% discount 
for IEEE members who supply their membership num- 
bers with advertising copy 

All classified advertising copy must be received by the 
25th of month, two months poe date of issue. 
No telephone orders accepted. For further information 
contact Theresa Fitzpatrick, 2127057578. 

The following listings of interest to IEEE members have 
been placed by educational, government, and industri- 
al organizations as well as by individuals seeking posi- 
tions. To respond, apply in writing to the address given 
or to the box number listed in care of Spectrum Maga- 
zine, Classified Employment Opportunities Department, 
345 E. 47th St, New York, NY. 10017 
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University of Illinois at Chicago. Instructorships 
and tenure-track faculty positions in electrical 
engineering and computer science at both the 
junior and senior level are available. Rank and 
salary commensurate with qualifications. An 
earned Doctorate in EE or CS must be complet- 
ed by date of appointment, but not for the in- 
structorships. Demonstrated teaching and re- 
search abilities are highly desirable. For full 
consideration, please send resume, list of pub- 
lications, and the names of at least three refer- 
ences by April 30, 1992 to Dr. Wai-Kai Chen, 
Head, Department of Electrical Engineering 
and Computer Science (M/G 154), University of 
Illinois at Chicago, PO. Box 4348, Chicago, IL 
60680. The University of Illinois is an Affirma- 
tive Action/Equal Opportunity Employer. 
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Stocker Visiting Chair in Electrical and Com- 
puter Engineering at Ohio University. Applica- 
tions and nominations are being accepted for 
the position of Stocker Visiting Professor in 
Electrical and Computer Engineering (ECE). 
The ECE Depa ea: at Ohio Beaty has 
twenty-two (22) full-time and four (4) part-time 
faculty, 400 undergraduate students and 80 
graduate students. External research support 
in ECE exceeds $3.1M per year, a large portion 
of which comes via the Avionics Engineering 
Center, a unit of ECE. The ECE Department is 
housed in the $15M Stocker Engineering Cen- 
ter. The Stocker Chair position is supported 
through the Stocker Endowment, presently 
worth more than $13M. Qualifications for con- 
sideration for the Stocker Chair position in- 
clude prominent achievements in research and 
teaching or industry/government. The individu- 
al selected for this position is expected to 
teach, participate in Departmental research, 
and be available to present and conduct invit- 
ed seminars/lectures at various universities, in- 
cluding O.U. The maximum term of appointment 
for this position is three (3) years; a lesser term 
can be negotiated. In filling the Stocker Chair 
position, preference will be given to those who 
have a permanent base of employment and plan 
to return there upon completion of the Stocker 
Chair appointment. Applications and nomina- 
tions will be accepted until the position is filled. 
Please send a resume with at least three (3) 
references or your nomination to Dr. Jerrel R. 
Mitchell, Stocker Center, Ohio University, 
Athens, Ohio 45701-2979. Ohio University is an 
equal opportunity and affirmative action em- 
ployer. 





Employment opportunities 


Graduate Associateships in Avionics Engineer- 
ing or power electronics/industrial control. As- 
sociateships are available for M.S. or Ph.D. stu- 
dents in Electrical Engineering specializing in 
these areas. Students will be expected to per- 
form research on funded or related projects 
within the Avionics Engineering Center, a re- 
search branch of the Department of Electrical 
and Computer Engineering, on projects related 
to power electronics/industrial controls, or on 
manufacturing related projects supported by a 
grant from Cooper Industries. Applicants must 
possess a B.S.E.E. and a minimum undergradu- 
ate GPA of 3.3/4.0 The stipend is $12,000 for 12 
months for M.S. students and $15,000 for 12 
months for Ph.D. students, plus tuition waiver. 
Send a brief resume and transcripts before 
March 1, 1992 to: Dr. Roger Radcliff, Dept. of 
Electrical and Computer Engineering, 325 
Stocker Center, Ohio University, Athens, OH 
45701-2979. 


Graduate Fellowships and Research Associ- 
ates. Fellowships and Associateships are avail- 
able for M.S. or Ph.D. students in Electrical En- 
gineering. Fellowships provide a nine-month sti- 
pend of $45,000 for Ph.D. students and $12,000 
for M.S. students plus tuition waiver. The sti- 
pend for Research Associates is $8,000 for nine 
months plus tuition waiver, and requires re- 
search duties under the direction of a faculty 
member. Applicants must be U.S. citizens and 
possess a B.S.E.E. or M.S.E.E. from an engineer- 
ing department that has a basic or advanced 
program that is ABET accredited. Minimum un- 
dergraduate GPA’s are 3.5/4.0 for a Fellowship 
and 3.1/4.0 for an Associateship. For consider- 


aggressive company that is setting the semiconductor industry on its ear. 


Ve may have heard of Cyrix Corporation. We are a young, growing, 


With the exceptional engineering talent already on our staff, we have 
developed new products that outperform the rest. And our development 


continues... 








We currently are staffing up to meet more challenges in the future. ALL of these 
positions are additions to our staff. We are about to start some new product 
development (we are not in the clone business) and we need sharp minds to 


accomplish our goals. 


To qualify for one of these positions, you will need a BSEE or MSEE and aft least 
three years of experience in the development of full custom CMOS processors 
(we have NO entry level positions). Because our designers are “long and thin” in 
terms of their responsibilities, candidates need experience in all areas of design 
from architecture, modeling, and logic design to simulation and debug. Because 
of our unique approach to problem solving, software literacy in ‘C’ and UNIX is 
preferred. Knowledge of Cadence and Verilog tools is also preferred. Please 
note that memory design and/or the design of memory circuits only does not 
meet our requirements. Also, experience using ASIC is not sufficient. 


Cyrix offers its employees the opportunity to be creative on the cutting edge of 
VLSI design. In addition to high visibility our employees enjoy a working environ- 
ment designed with engineers in mind: excellent salaries, a sophisticated com- 
pany-paid benefits plan, and the opportunity for equity participation in the 
company’s growth. Our location is in the middle of a large, rapidly growing high 
tech corridor where the cost of living is low, the quality of life is high, excellent 


schools abound, and tax rates are low. 


To step up to Cyrix, rush your resume, in 


confidence, to: Warren Soble, Cyrix 


Corporation, Dept. IEEE292, 2703 N. Central 


Expressway, Dallas, TX 75080; or fax it to 


(214) 699-9857. We are an equal opportu- 


nity/affirmative action employer. 
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ISSA/NSA 
POLY 


USE YOUR “TICKETS” 
FOR FASTER CAREER GROWTH 


Put our 25+ years experience plac- 
ing technical professionals to work 
for you. All fees paid. Nationwide 
opportunities in Communications, 
Defense, Intelligence, Computer, 
Satellites and Analytical Sciences. 
If you earn over $35,000, we have 
a better, more rewarding job for 
you ... right now. U.S. citizenship 
and ISSA/NSA POLY desirable. 
Call (301) 231-9000 or send your 
resume in confidence to: Dept. EA- 
ISEB or FAX to: (301) 770-9015. 


WALLACH 
associates, inc. 


Technical and Executive Search 


Washington Science Center 
6101 Executive Boulevard 

Box 6016 

Rockville, Maryland 20849-6016 


CHAIRPERSON 


DEPARTMENT OF ELECTRICAL ENGINEERING 
University of Maryland at College Park 
Applications and nominations are invited 
for the position of Professor and Chairper- 
son of the Department of Electrical En- 
gineering. Candidates should have an 
earned doctorate in electrical engineering 
or a closely related field, strong leadership 
ability, a proven research record, and a 
commitment to electrical engineering edu- 

cation. 

The Electrical Engineering Department 
consists of 60 faculty at the College Park 
campus and 8 faculty at the neighboring 
Baltimore County campus. The faculty in- 
clude 28 Fellows of the IEEE and APS, and 
9 PYI’s. Annual degree production overall 
is about 250 BS, 100 MS, and 30 PhD’s. 
Last year, the sponsored research exceed- 
ed $13M, in areas such as circuits, com- 
munications, computers, controls, electro- 
physics, and microelectronics. 

Applications and nominations should be 
sent to: 

Dr. Patrck F. Cunniff 

Chair, Search Committee 
Department of Mechanical Engineering 
College Park, MD 20742 


Applications received prior to Feb. 21, 
1992 will receive first consideration. 


THE UNIVERSITY OF MARYLAND IS AN EQUAL 
OPPORTUNITY AFFIRMATIVE ACTION EMPLOYER. 
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ation, send a brief resume and transcripts be- 
fore March 1, 1992 to: Dr. Roger Radcliff, Dept. 
of Electrical and Computer Engineering, 325 
Stocker Center, Ohio University, Athens, OH 
45701-2979. 


The UCLA Department of Mechanical, Aero- 
space, and Nuclear Engineering invites applica- 
tions for a faculty position in plasma physics. 
Candidates will be considered at the Assistant 
Professor or Full Professor level. Preferably, the 
department is seeking a distinguished, well es- 
tablished scholar who has done research in the 
area of theoretical plasma physics with an em- 
phasis on problems important to magnetic fu- 
sion research. Experience and interest in the 
use of advanced computational methods is 
desirable in order to augment existing 
strengths at UCLA in computational fluid dy- 
namics and plasma simulations. The candidate 
should be highly motivated to enhance our 
graduate research program in fusion, to inter- 
act with other faculty and staff in the depart- 
ment and in the Institute of Plasma and Fusion 
Research at UCLA, and to interact with individu- 
als at government research center and indus- 
try who are at the forefront of fusion plasma 
physics research. It is expected that the candi- 
date would establish and lead a major research 
activity. Salary and appointment level will be 
commensurate with experience and qualifica- 
tions. Candidates should submit a letter of ap- 
plication, acomplete resume, and the names of 
five references to: Prof. Robert W. Conn, Chair- 
man of Search Committee, Department of 
Mechanical, Aerospace and Nuclear Engineer- 
ing, 44-139 Bye eer og IV, 405 Hilgard Avenue, 
University of California, Los Angeles, Los An- 
geles, CA 90024-1597. 


The Electrical Engineering Department at the 
University of North Carolina at Charlotte invites 
applications for two tenure-track positions at 
the Assistant, Associate, or Full Professor level. 
Areas of interest include, a) integrated circuit 
processing and instrumentation, b) optical 
devices and systems. Positions begin Fall of 
1992. The University of North Carolina at Char- 
lotte is one of the largest institutions of the 
UNC system with over 15,000 students, includ- 
ing 2,125 graduate students in the six colleges. 
The department is one of five in the College of 
Engineering and currently enrolls 365 students, 
of which 60 are graduate students and Postdoc- 
toral Research Associates. Computer facilities 
include micros, minis, workstations and free ac- 
cess to Cray YMP supercomputer. The labora- 
tory facilities include a class 100 clean room 
with complete integrated circuit and micros- 
tructure fabrication capabilities, laboratories 
for measuring the electrical properties of the 
insulator-semiconductor surface, computerized 
IC test facilities, laser electro-optic laboratory, 
dry processing laboratory for VLSI fabrication, 
and MBE laboratory for quantum well superlat- 
tice and optoelectronic materials. As a par- 
ticipating institution of MCNC (Microelectron- 
ics Center of North Carolina), the faculty have 
access to the MCNC facilities with capabilities 
of submicron IC design, fabrication, test, and 
semiconductor materials analysis. Charlotte is 
the largest city in the Carolinas and offers good 
schools and attractive housing. The 100,000 sq. 
ft. engineering building and a 75,000 sq. ft. Ap- 
plied Research Center are located adjacent to 
the 2,800 acre University Research Park. Various 
forms of career development Sor are avail- 
able. Applicants should have a Ph.D. degree or 
equivalent and have commitment to teaching 
and pursuing research. Industrial and research 
experience is desirable. Rank and salary com- 
mensurate with experience. Applications will be 
accepted until March 1, 1992. Initial screening 
begins February 1, 1992. Applications, including 
a resume and a list of four references, should 
be sent to: Dr. F.M. Tranjan, Chairman, Search 
Committee, Electrical Engineering Department, 
UNC-Charlotte, Charlotte, NC 28223. UNC- 
Charlotte is an equal opportunity affirmative 
action employer, and complies fully with the im- 
migration Reform and Control Act of 1986. 


The Center for Advanced Computer Studies. 
The Center is seeking qualified candidates for 
a tenure track Fee ONEy: position in Computer 
Science and Computer Engineering at the 


aay; employer. 





Professor rank beginning Fall 1992. Candidates 
must hold PhDs in the field, and have estab- 
lished research publications and grant records. 
Candidates for Assistant Professor will also be 
considered. They must hold PhDs in the field, 
and must have strong research potential. Con- 
sideration will be given to all qualified candi- 
dates, but preference areas of interest are: soft- 
ware engineering, computer networks, operat- 
ing systems, databases, computer architecture, 
artificial intelligence, and theoretical computer 
science. The Center conducts programs leading 
to the MS/PhD degrees in Computer Science 
and Computer Engineering. These programs 
currently enroll more than 220 students, includ- 
ing over 100 PhD students. A number of PhD fel- 
lowships and assistantships are available, with 
stipends of up to $18,000 per year, renewable for 
amaximum of 4 years. Typical faculty teaching 
load is 2 courses per year and a continuing re- 
search seminar. Substantial State Educational 
Fund monies are available to establish research 
programs. The University is located in Acadi- 
ana, a short distance west of New Orleans. 
Send resumes to: Dr. Michael C. Mulder, Direc- 
tor, The Center for Advanced Computer Studies, 
University of SW Louisiana, PO. Box 44330, 
Lafayette, LA 70504. Review of applications will 
begin February 1992. The University of SW Loui- 
sianais an affirmative action/equal opportuni- 


Old Dominion nee The Department of 
Electrical and Computer Engineering invites ap- 
plications for anticipated tenure-track faculty 
positions in computer engineering beginning 
August 1992. An earned doctorate in electrical 
or computer engineering is required. Duties in- 
clude undergraduate and graduate teaching 
and development of a strong research program: 
Rank and salary commensurate with qualifica- 
tions. For full consideration, submit letter of ap- 
plication, resume, statement of citizenship or 
visa status, and list of three references by 
March 1, 1992 to: Professor R.R. Mielke, Chair- 
man, Department of Electrical and Computer 
Engineering, Old Dominion University, Norfolk, 
VA 23529-0246. Old Dominion University is an af- 
firmative action/equal opportunity employer 
and requires compliance with the Immigration 
Reform and Control Act of 1986. 


E.E. Faculty positions at Auburn University. E.E. 
Department currently has openings for faculty 
with expertise in any of the following areas: 
computer engineering, electronic circuit design 
or power engineering. Applicants must be re- 
search oriented, have a Ph.D., and an electrical 
engineering background. Senior level appoint- 
ments are available. Applicants must be able to 
Reve documentation of the right to work in 

he U.S. Auburn is Alabama’s land-grant univer- 
sity with 22,000 students. The E.E. Department 
has 30 faculty and currently enrolls aproximate- 
ly 600 undergraduate and 100 graduate stu- 

ents. The annual research funding level is ap- 
proximately $2 million. Interested persons may 
send resumes to Professor L.L. Grigsby, Chair- 
man of Faculty Search Committee, Department 
of Electrical Engineering, Auburn University, AL 
36849-5201. Minorities and women are en- 
couraged to apply. Auburn University is an 
equal opportunity and affirmative action em- 
ployer. 


Oregon State University—The Department of 
Electrical and Computer Engineering invites ap- 
plications for either of two tenure-track faculty 
positions at all levels. Associate or Full Profes- 
sor positions require a distinguished teaching 
and research record appropriate for the title. 
Candidates should have an earned doctorate in 
Electrical or Computer Engineering and are ex- 
pected to have a strong commitment to high 
quality undergraduate and prerume teaching 
and to the development of a sponsored re- 
search program. One position is in the area of 
Systems and Control and will be open begin- 
ning Fall 1992. Areas of activity include: robust 
control, robotics, and real-time process control. 
A second position in the area of Computer En- 
gineering is anticipated. Areas of activity in- 
clude: computer architecture, parallel pro- 
cessing, VLSI array processing, performance 
modeling and analysis, data communication 
and computer networks. For both positions, 
some background in communications and sig- 
nal processing is desirable but not mandatory. 
With a faculty of 25, the Department of ECE en- 
rolls about 425 undergraduate and 120 MS/PhD 
students. High technology corporations such 
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ONLY A 
FEW PEOPLE 

_ WILL KNOW 
WHAT YOU'RE 
WORKING ON. 





When you're involved with the most ad- 

vanced, sensitive areas in aviation defense 
technology, your current accomplishments 
are recognized by just a handful of people. 


But think who those people are. 


For over 40 years, Lockheed’s legendary 
Skunk Works has been counted on to 
deliver breakthroughs vital to our nation’s 
security. 


As the newly created Lockheed Advanced 
Development Company (LADC), we con- 
tinue to spearhead innovation. 


To help us, we need extraordinary individu- 
als with strong engineering backgrounds 
to work with technologies such as: 


e Design, Preliminary/Conceptual 
e Systems Engineering 
e Avionics Systems Integration 


=lockheed é 
Advanced Development Company 





Electromagnetics 

Advanced Materials/Composites 
System Safety Engineering 
Environmental Engineering 

Low Observables Technology 
Structural Analysis/Stress 
Antenna/Radome Design 


Applicants selected will be subject to a 
security investigation and must meet eligi- 
bility requirements for access to classified 
information. LADC offers competitive sala- 
ries, based on experience, and a gener- 
ous benefits package. To learn more, write 
Lockheed Advanced Development Com- 
pany, Professional Staffing, Dept. 0027, 
P.O. Box 250, Sunland, CA 91041. 


Lockheed is an equal opportunity 
employer m/f/h. 


INNOVATION:giving shape fo imagination. 


SKUNK WORKS and the skunk design are registered service 
marks of the Lockheed Corporation. (c)1992 Lockheed Corporation 
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Powell Electrical Manufacturing Com- 
pany, a well established manufacturing 
company of electrical switchgear and 
distribution equipment is currently seek- 
ing a: 


CIRCUIT BREAKER 
DESIGN ENGINEER 


Position requires BS degree in Mechanical 
or Electrical Enigneering. Additionally, 5 
to 10 years of hands on experience in the 
design of medium voltage (5000 to 75000 
Vac) circuit breakers using vacuum, sf6, 
air, etc., interrupters, experience in 
medium voltage switchgear industry or 
utilities conforming to ANSI standards is 
required. Working knowledge of Auto- 
cadd a plus. Prefer licensed Engineer and 
member of IEEE. Must have full working 
knowledge of ANS! C37. Salary range is 
open. 


Qualified applicants should submit their 
resumes to: 


POWELL ELECTRICAL 
MANUFACTURING COMPANY 
Attn: Human Resources 
P.O. Box 12818 
8550 Mosley 
Houston, Texas 77217 


An Equal Opportunity Employer M/F/H/V 











OA [2 
AEROSPACE 
INSTI 


DIRECTOR FOR 
RESEARCH 


An experienced technical manager is sought to 
develop and administer the research programs for 
the Ohio Aerospace Institute. OAI is a consortium of 
nine universities, NASA Lewis Research Center, U.S. 
Air Force Wright Laboratory, and several dozen 
companies to perform collaborative research, 
graduate and continuing education, and technology 
transfer in an entrepreneurial environment. This is 
a senior position, reporting directly to the President. 
The individual will manage the collaborative research 
activity of OAI through its focus groups which are 
networks of university, industry, and government 
collaborators. There are presently focus groups in 
13 different technology areas with more than 
600 participants. Responsibilities will include 
management of the focus groups, organizing and 
administering cooperative research programs and 
proposals, and research program development. 


The successful candidate will possess an earned 
doctorate in science or engineering, have a proven 
track record in research with demonstrated success 
in securing competitive funding and in research 
program development, possess strong oral and 
written communication skills, and a record of 
accomplishments as an effective team leader. 


Resumes or nominations should be submitted by 
March 1, 1992 to: 


Chair, Search Committee for 
Director for Research 
Ohio Aerospace Institute 
2001 Aerospace Parkway 
Brook Park, Ohio 44142 


The Ohio Aerospace Institute is an Equal 


Opportunity Employer. All inquiries will be held in 
the strictest confidence. 
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as Hewlett-Packard, Intel, Mentor, and Tektronix 
have major operation in the area and provide 
support for the electrical and computer en- 
gineering program. The Department has mod- 
ern facilities housed in a new building. Locat- 
ed in the Willamette Valley 80 miles south of 
Portland, OSU and the city of Corvallis offer a 
beautiful and unspoiled environment and many 
cultural activities. Applications must include a 
comprehensive resume, a list of three to five 
professional references, and a letter of interest. 
The letter must indicate clearly the position for 
which you are applying. Please send material 
to Chairman, ECE Search Committee, ECE 
Department, Oregon State University, Corvallis, 
OR 97331-3211. Review will begin March 1, 1992, 
and continue until the positions are filled. Ore- 
gon State University is an Affirmative Ac- 
tion/Equal Opportunity Employer and complies 
with Section 504 of the Rehabilitation Act of 
1973. OSU has a policy of being responsive to 
the needs of dual career couples. 


University of Minnesota, Minneapolis, Minneso- 
ta. The Department of Electrical Engineering in- 
vites applications and nominations for a tenure 
track or tenured position in Controls Systems. 
The duties of tenured and tenure track faculty 
include the establishment of a sponsored re- 
search program and teaching at both the under- 
graduate and graduate levels. The requirements 
of this position include an earned Doctorate in 
an appropriate discipline at the time of the ap- 
pointment and outstanding academic and re- 
search records. Rank and salary will be com- 
mensurate with the qualifications and ex- 
perience of the selected candidate. Applica- 
tions and nominations should be sent with a 
resume containing the names of three refer- 
ences to: Professor Larry L. Kinney, Chairman, 
Faculty Recruiting Committee, Department of 
Electrical Engineering, University of Minneso- 
ta, 200 Union Street SE, Minneapolis, MN 55455. 
The last date for receiving applications will be 
April 1, 1992, for the position available Septem- 
ber 16, 1992. The University of Minnesota is an 
equal opportunity educator and employer. 


Full-Time Department Chairperson (12-month 
position, tenure-track): The Electronic and Elec- 
trical Engineering Department, California Poly- 
technic State University, San Luis Obispo in- 
vites applications for a full-time Chairperson 
with responsibilities commencing September 1, 
1992. A Ph.D. in Electronic, Electrical, or Com- 
puter Engineering is required, together with 
prior administrative experience. Significant 
teaching experience at a primarily undergradu- 
ate teaching institution is also required. Profes- 
sional experience in industry required, digital 
systems are preferred. The EL/EE Department, 
within the School of Engineering, has a full-time 
faculty of 25 and over 900 students. Under- 
graduate students major in one of two ABET- 
accredited B.S. degree programs, Electronic or 
Electrical Engineering, or a new B.S. degree pro- 
gram in Computer Engineering, jointly offered 
by the department and the Computer Science 
Department. Students are provided with exten- 
sive laboratory experience and a senior project, 
as well as a strong foundation in engineering 
sciences. M.S. candidates concentrate in the 
areas of Computer Engineering, Electrical 
Power Engineering, or Communications En- 
gineering. The Department Chair serves as the 
chief administrative officer of the department 
and typically serves a term of three years. Al- 
though the Chair’s responsibilities are primari- 
ly administrative, he/she is expected to teach 
One course per quarter and is considered a 
member of the instructional faculty. The teach- 
ing portion of this assignment is tenure-track. 
The Chair returns to full-time teaching at the ex- 
piration of his/her term(s). Academic rank and 
salary are commensurate with these qualifica- 
tions and experience. Candidates for the posi- 
tion should send a resume, three letters of refer- 
ence, and Ph.D. transcripts to the Chair of the 
Appointments Committee, EL/EE Department, 
Cal Poly, San Luis Obispo, CA 93407. Phone: 
(805) 756-2781. Fax: (805) 756-1458. e-mail: 
appt.cmty @ photon.elee.calpoly.edu. The clos- 
ing date for applications is April 1, 1992. Cal 
Poly is strongly committed to achieving excel- 
lence through cultural diversity. The university 
actively encourages applications and nomina- 
tions of women, persons of color, and members 








of other underrepresented groups. Cal Poly is 
subject to all laws governing Affirmative Action 
and Equal Opportunity employment. 


The University of Texas at Austin, Department 
of Electrical and Computer Engineering is ac- 
cepting applications for tenure track assistant 
professor positions. Resumes will be consid- 
ered in the following areas: 1) Software En- 
gineering 2) Telecommunications Engineering, 
including microwave engineering; image and 
signal processing 3) Manufacturing Systems 
Engineering, and 4) Optical Interconnect Tech- 
nology. Applicants should send resume and the 
names and addresses of at least three refer- 
ences to Dr. Mario J. Gonzalez, Chairman, 
Department of Electrical and Computer En- 
beat , The University of Texas at Austin, 

ustin, 78712-1084. The University of Texas 
at Austin is an Equal Opportunity/Affirmative 
Action Employer. 


Electrical Engineering: Anticipated tenure- 
track faculty positions in the Electrical En- 
gineering Department at West Virginia Institute 
of Technology effective August 15, 1992. All 
areas of specialization will be considered. Ph.D. 
in Electrical Engineering preferred; MSEE and 
significant experience considered; BSEE re- 
quired. Responsibilities include developing and 
teaching undergraduate courses and labs and 
participation in scholarly activities. Commit- 
ment to teaching excellence, responsiveness to 
student needs, and good communication skills 
essential. Review of applications will begin 
April 1. Send letter of application, resume, three 
references with telephone numbers, and copies 
of transcripts to: Personnel Director, WVIT, 
Montgomery, WV 25136. 


The PET Psychiatry Center of the University of 
Pennsylvania has a position at the Research As- 
sistant Professor level for an individual to de- 
velop computerized image analysis methods 
for anatomic and functional neuroimaging. The 
candidate must have a PhD in physics, com- 
puter science or engineering and experience in 
PET/SPECT quantitation of anatomic and func- 
tional data within and across imaging modali- 
ties. CV.’s, 3 letters of recommendation, and 
reprints should be sent to Joel Karp, PhD, Direc- 
tor, Physics and Instrumentation Group, Depart- 
ment of Radiology, Nuclear Medicine Section, 
Donner 110, University of Pennsylvania, 3400 
eee Street, Philadelphia, PA 19104-4283. 


Department of Electrical Engineering, North 
Carolina Agricultural and Technical State 
University, invites applications for tenure-track 
faculty positions at the Assistant and Associ- 
ate professor rank in the areas of computer en- 
gineering, power systems and controls/power 
electronics, electronic and optical materials 
and devices. Applicants must have a Ph.D. in 
electrical or computer engineering with demon- 
strated teaching and research potential. Aca- 
demic duties include teaching and developing 
both undergraduate and graduate courses, and 
initiating and conducting sponsored research. 
The Department offers BSEE and MSEE 
degrees with a Ph.D. ig ge planned for 1993. 
Currently, a cooperative Ph.D. degree is availa- 
ble through North Carolina State University. The 
15 faculty members in the Department are ac- 
tively involved in research in the areas of com- 
puter engineering, solid state electronics, com- 
munications, signal processing, photonics, and 
power systems. North Carolina AT&T State 
University is a constituent institution of the 
poet of North Carolina system, and is a 
participating member of the Microelectronics 
Center of North Carolina (MCNC). Initial ap- 
pointments are for 9 months at a rank and sal- 
ary commensurate with qualifications. Interest- 
ed applicants should send a resume and names 
of three references to: Dr. Ward J. Collis, Faculty 
Search Committee, Department of Electrical 
Engineering, North Carolina AT&T State Univer- 
sity, Greensboro, NC 27411, no later than March 
30, 1992. North Carolina AT&T State University 
is an affirmative action, equal opportunity em- 
ployer. 


North Carolina AT&T State University— 
Department of Electrical Engineering invites 
nominations and applications for the position 
of the Chairperson. Candidates must hold an 
earned PhD in electrical/computer engineering, 
and have professional achievement suitable for 
appointment at the rank of Associate or Full 
Professor. Leadership and management skills 
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Vascular 
Technologist 





The Center for Neurologic Diseases at The University of 

___ Texas Southwestern Medical Center at Dallas is seeking a 
: Vascular Technologist to perform tran- 

GREAT 


scranial Doppler, color flow and carotid, 

studies. Applicants should have a high 
MEDICAL school diploma and must have com- 

pleted a two-year recognized program 
DISCOVERIES in ultrasound or have a minimum of 2 
BEGIN years experience in the field of Vascular 


Technology. Must be registry eligible 
HE or registered with the American Registry 





: of Diagnostic Medical Sonography. 


Clinical and research opportunities available. Please 
refer to *920076C. 


For further information, contact Cole Giller, M.D., Medical 
Director, or Angela Roseland, RN/RVT, Neurosonology 
Laboratory, Center for Neurologic Diseases, UT South- 
western, 5323 Harry Hines Blvd., Dallas, TX 75235-8897, 
or call 214-688-4800. 





Equal Opportunity, Affirmative Action Employer. 
We offer a non-smoking work environment. 





THE UNIVERSITY OF TEXAS 
Southwestern Medical Center 
AT DALLAS 

















\“s 
LIGO-~ PROJECT 


California Institute of Technology (Caltech) 


Invites Applications for 


Scientific Staff Positions 


The Laser Interferometer Gravitational-Wave Observatory (LIGO) 
project is a joint effort by Caltech and MIT scientists to establish a 
gravitational-wave observatory, consisting of two facilities with laser in- 
terferometric detectors located far apart in the U.S. and operating in 
unison. Construction for LIGO will take about five years, and an FY '92 
construction start has been authorized. The project is sponsored by the 
National Science Foundation. 


1. The LIGO project has several new staff positions at Caltech for Ph.D. 
physicists who wish to participate in the R&D, design, construction 
and ultimately, operation of LIGO. While expertise related to optics, 
vibration isolation, control systems, electronics, and related fields is 
useful, the most important requirements of candidates are that they 
be broadly trained and experienced experimentalists who love ex- 
perimental work, that they are willing to learn new experimental and 
analytical techniques, and that they share enthusiasm for building a 
first gravitational-wave observatory for studies in physics and astro- 
physics and for pioneering this new scientific discipline. 


2. The LIGO project also is recruiting a senior physicist or engineer who 
will be in charge of the design of the detector data acquisition and 
control system. This position requires prior experience in the design, 
construction, and operation of large and complex data acquisition 
and control systems. 


Materials in support of an application should be sent to Prof. Rochus 
E. Vogt, Director, LIGO Project, Caltech 102-33, Pasadena, CA 
91125. These materials should include a curriculum vitae, list of publi- 
cations, and the names, addresses, and telephone numbers of three or 
more references. Applicants are requested to ensure that three or more 
letters of recommendation be sent directly to the LIGO project. 


Caltech is an Affirmative Action/Equal Opportunity Employer 
Women/minorities are encouraged to apply 





CLASSIFIED ADVERTISING 





Director. 
Research Institute 


The University of Dayton invites applications and 
nominations for the position of Director, University of 
Dayton Research Institute. The Research Institute an- 
nually conducts approximately $40 million in spon- 
sored research with a staff of 450 full-time personnel. 


The kor Ph The University of Dayton, founded in 
1850 by the iety of Mary (The Marianists), is the 
largest independent university in the State of Ohio and 
the ninth largest Catholic university in the nation. The 
University of Dayton consists of four schools — Engi- 
neering, Law, Business, and Education — plus a Col- 
lege of Arts and Sciences. Total graduate and under- 
graduate enrollment is 11,000. The University's 
attractive campus is situated within a dynamic 
metropolitan area of more than 800,000 people 
and offers many cultural, recreational, and educa- 
tional amenities. 


The Research Institute. Established in 1956 as an 
integral part of the University, the Research Institute 
conducts both basic and applied interdisciplinary re- 
search primarily in engineering and the physical sci- 
ences. The full-time staff includes 300 professionals, 
augmented by 86 part-time professionals, 75 faculty, 
and 300 graduate and undergraduate students. The 
Institute, which ranks in the top ten of university DoD 
contractors, conducts more than 1000 projects annu- 
ally, sponsored by government, business and industry. 


The Position. The director of the Research Institute is 
responsible for the development and conduct of spon- 
sored research programs in accordance with the 
University's teaching, research, and public service 
mission. This executive position provides leadership 
in policy development, short- and long-term planning, 
staffing and budgetary control, and the development 
and promotion of the University's technology transfer 
program. The director reports to the Vice President for 
Graduate Studies and Research. 


Qualifications. Candidates for the position must have 
a distinguished record in research, proven manage- 
ment skills, demonstrated leadership, strong promo- 
tion and marketing abilities, and significant experi- 
ence with grants and contracts. U.S. citizenship is 
required and an earned doctorate is preferred. 


2 opegom and Nominations. Applications should 
include a complete resume and a letter summarizing 
the candidate's education, experience, and related 
qualifications. Please submit applications or nomina- 
tions by March 1, 1992 to: 
Dennis Stafford 

Search Committee Chair 
University of Dayton Research Institute 

Dayton, Ohio 45469-0101. 


The University of Dayton 


The University of Dayton is an Equal Employment Opportunity, 
Affirmative Action Employer. 
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University of Victoria 


DEAN OF ENGINEERING 


The University of Victoria invites applications and 
nominations for the position of Dean of the Faculty 
of Engineering. The appointment is for a five-year 
term effective July 1, 1992. 

The Faculty of Engineering is comprised of the 
Departments of Computer Science, Electrical and 
Computer Engineering, and Mechanical Engineering. 
Each department offers a full undergraduate program 
as well as graduate programs leading to Masters and 
Doctoral degrees. The Faculty has 62 academic and 
26 support staff, and an enrollment of approximately 
850 undergraduate and 173 graduate students. 

The University of Victoria has approximately 610 
regular and 400 sessional faculty members, 13,000 
undergraduate students and 1,650 graduate stu- 
dents. In addition to the Faculty of Engineering, the 
University has Faculties of Arts and Science, Educa- 
tion, Fine Arts, Human and Social Development, Law, 
and Graduate Studies. 

Candidates should have an excellent research and 
teaching record, proven administrative ability in a 
university setting, and must have a high profile and 
stature in the profession. Industrial experience would 
be an asset. It is desirable that candidates be re- 
gistered professional engineers or be eligible for such 
designation. In short, candidates will be expected to 
have proven abilities in teaching, research, profes- 
sional practice and administration. 

In accordance with Canadian immigration require- 
ments, priority will be given to Canadian citizens and 
permanent residents. The University of Victoria is 
committed to an employment equity program. Wom- 
en are particularly encouraged to apply. 

Applications and nominations should be sent by 
March 2, 1992 to: Dr. S.E. Scully, Vice President Aca- 
demic and Provost, University of Victoria, P.O. Box 
1700, Victoria, BC V8W 2Y2. 

Applications should be accompanied by a full cur- 
riculum vitae and the names of three referees who 
will comment on the applicant’s capacity to discharge 
the duties of the position. 


STATUS SYMBOL 


Discover the single most vital 
source of technical information and 
professional support 
available to you throughout 
your working career... IEEE. 
Join us. 
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to work effectively with faculty, students, staff 
and university administrators are desirable. The 
Electrical Engineering Department has 15 full- 
time faculty positions, and offers the MSEE and 
ABET accredited BSEE degrees. At present, the 
PhD degree is available through an interinstitu- 
tional program with North Carolina State 
University at Raleigh. This campus is planning 
to implement the PhD program in the 1993-94 
academic year. Present enrollment is approxi- 
mately 500 undergraduate and 85 graduates. 
The department has strong research efforts in 
the areas of solid state electronics, VLSI, com- 
puter engineering, communications, digital sig- 
nal processing, neural nets and power systems. 
North Carolina AT&T State University is a par- 
ticipating institution of the Microelectronic 
Center for North Carolina (MCNC). A private 
telecommunication network interconnects the 
participating institutions to enable the sharing 
of resources and available expertise. All par- 
ticipating institutions can transmit and receive 
graduate level microelectronics/computer 
courses via a video network. The university is 
located in a growing metropolitan area called 
the Triad, consisting of the cities of Greensboro, 
High Point and Winston Salem. A few years ago 
Greensboro was rated the best place to live in 
the country in a national survey based on its 
high quality of life. Applications or nominations 
with resumes, including names and addresses 
of at least three references, should be sent to 
Dr. Ali Abul-Fadl, Chairperson of the Search 
Committee, Department of Electrical Engineer- 
ing, North Carolina AT&T State University, 
Greensboro, NC 27411 no later than March 15, 
1992. North Carolina AT&T State University is an 
equal opportunity, affirmative action employer. 


Graduate Student Research Assistantships 
and Post Doctoral Fellows in optoelectronics 
are currently available in the Electrical En- 
gineering Department of the University of North 
Carolina at Charlotte. Each position involves re- 
search in one or more of the following areas: 
computer generated holography, optical inter- 
connects for VLSI multichip modules, optoelec- 
tronic devices and pattern recognition. To apply, 
send a resume and transcript to: Dr. M. Feld- 
man, Applied Research Center, University of 
North Carolina at Charlotte, Charlotte, NC 
28223. 


The University of lowa, Department of Electri- 
cal and Computer Engineering: Applications 
are invited for assistant professor positions. 
Candidates should have interest or research ex- 
pertise in the disciplines of Computer Engineer- 
ing (1A), Photonics and Opto-Electronics (1B), 
and Image Processing (1C). An earned Ph.D. in 
Electrical and Computer Engineering or allied 
filed is required. Faculty responsibilities in- 
clude effective classroom teaching at the un- 
dergraduate and graduate levels, developing 
curricula and laboratories, supervising M.S. and 
Ph.D. student research, publishing journal arti- 
cles, and developing and maintaining an exter- 
nally funded research program. Interested can- 
didates should submit a letter expressing in- 
terest in a specific discipline (1A, 1B, or 1C), a 
current curriculum vita, and have three letters 
of reference sent to: Chair, Faculty Recruiting 
Committee, Department of Electrical and Com- 
puter Engineering, The University of lowa, lowa 
City, lowa 52242. Applications will be reviewed 
starting February 1, 1992, but applications will 
be accepted until the positions are filled. 
Women and minorities underrepresented in the 
engineering profession are especially en- 
couraged to apply. The University of lowa is an 
Equal Opportunity/Affirmative Action Employer. 


Vanderbilt University. Electrical Engineering. 
The Vanderbilt University Electrical Engineer- 
ing Department invites applications for a ten- 
ure track faculty appointment beginning the 
1992-93 academic year. Preference will be given 
to applicants at the Assistant Professor level, 
but exceptional candidates at higher levels may 
also be considered. We are seeking individuals 
with expertise in computer engineering, with 
emphasis on hardware and architecture. Other 
areas of interest include control theory and 
electromagnetics. Candidates will be selected 
primarily for their ability or potential to conduct 








research and to participate in a department 
committed to excellence in research and in- 
structional programs. The School of Engineer- 
ing is the oldest private engineering school in 
the South, and is located in Nashville, TN, a 
rapidly expanding metropolitan area. Appli- 
cants should send their resumes and the names 
of three references to: Prof. David V. Kerns, Jr., 
EE Search Committee, Electrical Engineerin 
Department, Vanderbilt University, Box 1824, 
Station B, Nashville, TN 37325. Vanderbilt 
University is an Affirmative Action/Equal Oppor- 
tunity Employer. 


Research Position in Applied Ocean Science, 
University of California, San Diego. The Marine 
Physical Laboratory, Scripps Institution of 
Oceanography, invites applications from scien- 
tists for appointments at the Project Scientist 
level. Applicants with an interest in conducting 
innovative experimental work at sea will be 
given strongest consideration. Fields of in- 
terest include, but are not limited to, sonar or 
ocean acoustics, geology, geophysics, geode- 
sy, and autonomous or thethered submersible 
vehicles. Appointment as Project Scientist is 
not a career position and may not be renewed 
beyond a maximum of 6 years. Appointees may 
not act as sole Principal Investigator, but may 
serve as co-Principal Investigator with regular 
faculty or research members of SIO. Incum- 
bents are eligible to apply for any advertised po- 
sitions in other titles which may become avail- 
able. Applicants should have a Ph.D and will be 
expected to have a publication list appropriate 
to their experience. Salary will be commen- 
surate with experience and qualifications and 
based on UC pay scale for the research series. 
Immigration status of non-US citizens and 
names and addresses of three references 
should be included with the resume. There is 
the possibility that more than one appointment 
can be made. Closing date for applications is 
March 1, 1992. Direct inquiries to Dr. K.M. Wat- 
son, Director, Marine Physical Laboratory, 
Scripps Institution of Oceanography, San 
Diego, CA 92152. (619) 534-1803. The University 
of California, San Diego is an equal opportuni- 
ty/affirmative action employer. 


Concordia University— Department of Electri- 
cal and Computer Engineering. The Department 
of Electrical and Computer Engineering at Con- 
cordia University invites applications for a ten- 
ure track faculty position in Computer En- 
gineering at the Assistant or Associate Profes- 
sor level. Applicants must have a Ph.D. in Elec- 
trical Engineering, or Computer Engineering or 
Computer Science. The position involves teach- 
ing at the undergraduate and graduate levels 
and independent research. The department 
offers bachelor’s programs in Electrical En- 
gineering and Computer Engineering and 
Master’s and Ph.D. programs in Electrical En- 
greed: We are primarily looking for candi- 

ates with teaching interests and demonstrat- 
ed research expertise in the general area of Par- 
allel and Distributed Systems with an empha- 
sis on one of the following: Parallel 
Architectures, Parallel and Distributed Comput- 
ing and Computer Systems Performances 
Evaluation. The department has excellent re- 
search facilities and expertise in several other 
areas which include Computer Communica- 
tions, Protocol Engineering, Robotics and Con- 
trol, Computational Graph Theory, Neural Com- 
puting, VLSI and Signal Processing. The faculty 
members of the department have close links 
with several research groups within and outside 
the university: GRIAO, Montreal Inter-university 
Research Center on High Performance Ar- 
chitectures and VLSI. Centre de Recherche In- 
formatique de Montreal (CRIM) and MICRONET 
(National Network of Centers of Excellence in 
VLSI). In accordance with Canadian Immigra- 
tion requirements, priority will be given to 
citizens and permanent residents of Canada. 
Concordia University is committed to employ- 
ment equity and encourages applications from 
women, aboriginal people, visible minorities 
and disabled persons. All things being equal, 
women candidates shall be given priority. Ap- 
plications will be accepted until the position is 
filled. Applicants should send a resume and 
names of at least three references to: Dr. P.D. Zi- 
ogas, Chairperson, Department of Electrical 
and Computer Engineering, Concordia Univer- 
sity, 1455 de Maisonneuve Blvd. West, Montreal, 
Quebec, Canada H3G 1M8. 


IEEE SPECTRUM FEBRUARY 1992 











Assistant Research Engineer to work on a 
newly established research program in the 
beam-plasma research area. A minimum of two 
years of experience with rf systems, linear ac- 
celerators, plasma sources, plasma diagnostic 
techniques, beam diagnostics and short pulse 
lasers is desirable. A Ph.D. degree in Physics or 
EE necessary. The position is for one or possi- 
bly two yers. UCLA is an affirmative action em- 
ployer. Women and minorities are encouraged 
to ony Send resume to Ms. Maria Guerrero, 
UCLA Electrical Engineering Dept. Engineering 
IV Bldg., Room 56-125B, Los Angeles, CA 
90024-1594. 


Boston University. The Department of Electri- 
cal, Computer and Systems Engineering at Bos- 
ton University seeks applications for four antic- 
ipated faculty positions in the areas of electron- 
ic and photonic devices, computer and software 
systems, VLSI and neural networks, and data 
communications. All positions are for tenure 
track or tenured appointments starting in Sep- 
tember 1992. An earned PhD in a relevant dis- 
cipline is required. Faculty are expected to de- 
velop a program of funded research in their area 
of expertise. Boston University is located in the 
heart of the Boston academic community along 
the Charles River, with easy access to the out- 
standing scientific, cultural and tourist attrac- 
tions of the city. The Department has 33 faculty 
and approximately 50 PhD, 250 MSc and 600 
BSc majors. Opportunities exist for collabora- 
tion with other colleagues in the Boston area, 
as well as with the leading electronics and soft- 
ware companies in the area. Applicants should 
send their curriculum vita to Professor Thomas 
G. Kincaid, Chairman, Department of Electrical, 
Computer and Systems ee Boston 
University College of Engineering, 44 Cumming- 
ton Street, Boston, MA 02215. Boston Universi- 
ty is an Equal Opportunity/Affirmative Action 
Employer. 








ATTENTION SENIORS 
AND GRADUATES 


CRN ML SSR) 


Design Engineer to design new products (next 
generation of portable computers & computer 
with Chinese character recognition); develop 
new applications for existing pee & diag- 
nose network & hardware problems (testing & 
system troubleshooting). Work on such projects 
as INTEL 80386 (DX & SX) & 80486 SX laptop 
computers, Pen based Notebook computers 
with artificial intelligent features, portable 
workstations, etc., utilizing background in 16 bit 
or 32 bit microprocessor based digital system, 
PC memory mapping, AT Bus structures, & tim- 
ing & loading. Requires M.S. in Electrical En- 
gineering with emphasis on digital/micropro- 
cessor design as evidenced by 5 courses as- 
sociated with the subject. We are asking for 
3yrs. direct exp. but in lieu of direct exp. willing 
to consider a candidate who has worked 3yrs. 
for acomputer manufacture & whose duties in- 
cluded testing/troubleshooting computer sys- 
tems (title or job classification & type of com- 
puter are not a factor). Also required is a gradu- 
ate school project involving the actual design 
of a 16 bit or 32 bit microprocessor based com- 
puter system and a graduate school project in 
which the applicant used his/her knowledge of 
PC (specifically, PC memory mapping, AT Bus 
structures & timing & loading) to design com- 
puter hardware. Salary $38,000/yr, 40hrs/wk, 
8am-5pm, no o.t., M-F. Must have proof of legal 
authority to work permanently in the U.S. Send 
resume to: Illinois Department of Employment 
Security, 401 South State Street-3 South, Chica- 
go, IL 60605. Attn: Maxine Counts, Ref.#V-IL 
4605-C. No Calls. An Employer Paid Ad. Must be 
fluent in Chinese. 


Electrical Engineer. Conducts Research and de- 
velops activities concerned with electrical com- 
ponents equipment and systems for electrical 
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machinery and controlled equipment. Assem- 
bles and tests electronic equipment and con- 
trols. May maintain and repair various electri- 
cal components and systems. Designs and de- 
velops electrical components, controls and 
related electrical systems. Forty (40) hours per 
week; $31,540.00 per year; 6:00 a.m. to 3:00 p.m.; 
Must have B.S. Degree in Electrical Engineer- 
ing; 1% years experience; Must have proof of 
legal authority to work permanently in the U.S. 
Send resumes to the Illinois Department of Em- 
ployment Security, 401 S. State Street -3 South, 
Chicago, IL 60605, Attention: E. Reed; Ref. #V- 
IL-3869-1; No calls; 2 copies of your resume re- 
quired; An employer-paid ad. 


Manager of Engineering Operations. The Com- 
pany is a manufacturer of medical and labora- 
tory research instrument electronics. The Man- 
ager of Engineering Operations directs the de- 
velopment and engineering of current and new 
products related to magnetic resonance imag- 
ing and spectroscopy systems and EPR re- 
search instrumentation, including RF coils, gra- 
dient coils, loop gap resonators, antenna elec- 
tronics and accessories. The Manager of En- 
gineering Operations also provides technical 
support and direction, including possible inven- 
tion, for the engineering design and production 
of MRimaging and spectroscopy cells. In these 
areas, the Manager of Engineering Operations 
is responsible for directing and overseeing new 
product research and development, staffing, 
budget, and customer support. The position re- 
quires a Ph.D. in Physics, and at least five years 
of experience as the manager or director of an 
engineering department of a manufacturer of 
magnetic resonance imaging equipment, and 
at least two years of experience with radio fre- 
quency electronics. The latter two requirements 
can be obtained concurrently. $80,000/yr., 40/hr. 
wk. Send resume to Wisconsin Job Service, 819 
North Sixth Street, Milwaukee, WI 53203, ATTN: 
Bernice Kimbrough. Job Order #0556041. 
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JOIN THE PROFESSIONALS: 
WIN A SUMMER AT 
SPECTRUM MAGAZINE! 


Make this summer your most exciting yet by joining the 
intellectually stimulating and professionally demanding 
world of technical journalism. Work alongside some of 
the best electrotechnical editors in the business as they 
produce their next award-winning issue. 

Sound like an impossible dream? It won’t be for the 
senior student or recent graduate who wins the contest to 
spend the summer of 1992 in the New York offices of 
IEEE Spectrum. 

The winner will interview story sources, help research 
and write articles, develop art and graphic elements, 
solicit and edit technical pieces, and proofread. He or 
she may even have a byline on a published article by the 
end of the summer. 

Do you enjoy writing as much as engineering? Have 
you ever thought of a career in technical journalism? 
If you answered “yes” to both questions, and if your, 
major is clectrical engineering, computer science, or an 
equivalent technical discipline and your grades are good, 
you qualify for this contest. 

To enter, write to Executive Editor Edward A. Tor- 
rero, IEEE Spectrum, 345 E. 47th St., New York, N.Y. 
10017, explaining why you should be selected. Include 
relevant materials, such as term papers, engineering 
reports, and college newspaper stories, that you think 
strengthen your case. All entries must be postmarked no 
later than March 18, 1992. 


CLASSIFIED ADVERTISING 


AQOOMOOMO OOM OOOO OO 


CONTROL SYSTEMS 
ENGINEER 


The Trane Company, a world leader in air conditioning tech- 
nology, has an immediate opening for a systems engineer 
in Electronic Controls Engineering. 


The systems engineer defines and establishes the require- 
ments and objectives of, and integrates the control functions 
of, HVAC systems and equipment. Responsibilities include 
the development, design, test, and verification of control 
strategies and algorithms leading to the implementation of 
state-of-the-art microcomputer-based controls. Mathemat- 
ical dynamic system models, computer-based real time 
simulation, and date reduction/analysis software are devel- 
oped and utilized to accomplish these objectives. Ex- 
perience using ACSL and MATLAB are a plus. 


We require a BS or MS in EE or ME with an emphasis in con- 
trols and 2-5 years of related experience. 


Qualified women, minorities, handicapped individuals, Viet- 
nam era and disabled veterans are encouraged to apply. 


We offer a competitive salary, a comprehensive benefits 
package and a modern technology center. We are located 
in LaCrosse, Wisconsin, a beautiful medium size city on the 
scenic Mississippi River with an abundance of recreational 
and cultural activities. Qualified candidates should send 
resume including salary history to: The Trane Company, 
Staff Employment Dept. 548, 3600 Pammel Creek Road, 
La Crosse, WI 54601. For consideration, resumes must 
be received by 4:30 p.m. on 2/21/92. 


& Trane’ 


An Equal Opportunity/Affirmative Action Employer 
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Where creative 
freedom leads to 
breakthrough ideas. 


We're Thomson Consumer Electronics, the company that’s 
breaking new ground in product research and development. 
And we're doing this by encouraging new ideas - and 
challenging the status quo. 


The R&D Engineers who work at our Indianapolis advanced 
development facility enjoy creative freedom while working with 
the technology that’s reshaping the cutting edge. 


And as the company that drives such consumer electronics brands 
as RCA and GE, our Engineers are given the opportunity to 
develop a wide range of products — from concept to reality. 


Make your break to the company that turns ideas into 
innovations. If you are an R&D Engineer with experience in 
Video Signal Processing (Digital or Analog), or Microcomputer 
Development, please contact: Professional Relations - IS, 
M.S. 27-134, Thomson Consumer Electronics, P.O. Box 
1976, Indianapolis, IN 46206-1976, or FAX to (317)231-4052. 
An Equal Opportunity Employer. 


/,\ THOMSON 








Senior Software Engineer for computer sys- 
tems/software developer in Southwest Ohio. 
Conceptualize, design, develop, and support 
file transfer packages for Unisys A/V/B series 
and CMS machines and running under different 
message control systems (COMS, GEMCOS, 
CANDE, NDL, VCS, DCS, MCS SMCS and CMS) 
and different operating systems (MCP, MCPIAS, 
MCPIVS, and CMS) and linking to IBM compat- 
ible PC’s. B-20 workstations, UNIX workstations 
and APPLE workstations. Conceptualize, de- 
sign and develop high speed file transfer solu- 
tions running Unisys emulation packages with 
Poll/Select, BNA, TCP/IP and OSI complaint pro- 
tocols. Provide programmatic interface to 
DMSII data extraction packages for Unisys A/V 
series machines. Provide training and support 
to Quality assurance, Documentation, Sales 
and technical support staff. Provide customiza- 
tion, installation and training support to cus- 
tomers. Job requires Bachelors Degree in Elec- 
trical Engineering or Computer Science and 4 
years experience as Software Engineer/Sys- 
tems Analyst. Three years experience on Unisys 
A/VIB Series and CMS mainframes must be in: 
(1) design and development of software appli- 
cations using COBOL74 and WEL languages; 
(2) MCP and basic systems operations and util- 
ities (including CANDE, COMS, GEMCOS, 
DUMPALL, KEYEDIO); (3) design and develop- 
ment of On-line and Transaction Based Routing 
applications, and; (4) design, development, and 
maintenance of DMSII databases and applica- 
tions including DMUTILITY, DMINQUIRY, and 
DASDL. Must have at least one year’s ex- 
perience in design and development of inter- 
program communication schemes on Unisys 
mainframes. Must have at least six months ex- 
perience in developing file transfer and DMSII 
data extraction applications on Unisys main- 
frames. Experience must also include at least 
three months developing software applications 
using ALGOL and developing COBOL applica- 
tions on IBM compatible PC’s. 40 hrs/wk; over- 
time as needed; 8:00 a.m.-5:00 p.m. Salary: 
$38,200.00/yr. Must have proof of legal authori- 
ty to work permanently in United States. Send 
resume in duplicate (No Calls) to J. Davies, JO# 
1230811, Ohio Bureau of Employment Services, 
PO. Box 1618, Columbus, Ohio 43216. 


Patent Law Opportunity—Testa, Hurwitz & 
Thibeault, a major Boston law firm with a his- 
tory of servicing electronic, biotechnology and 
venture capital clients seeks electrical en- 
gineers that have a BSEE degree and an interest 
in patent law. The firm will train you to prepare 
and prosecute patent applications before the 
U.S. Patent Office and to serve asa eneeoy 
specialist in our counseling of our high technol- 
ogy clients. This is an excellent position for an 
EE contemplating law school. Excellent pack- 
age of compensation and benefits. For immedi- 
ate consideration, please send resume in con- 
fidence to: Jennifer Silver, Recruiting Adminis- 
trator, Testa, Hurwitz & Thibeault, Exchange 
Place, 53 State Street, Boston, MA 02109. 


Systems Analyst; 40 hours per week; 8:00 a.m. 
to 5:00 p.m.; $38,000 per year. Customizing Busi- 
ness and Manufacturing Control System 
(BAMCS) by requirement analysis, design, de- 
velopment, testing and implementation of the 
system for steel industry and other manufactur- 
ing industries using CANDE, COMS, GEMCOS, 
DMSII, COBOL-74 and Algol. Analysis, design, 
development of systems in financial account- 
ing and inventory control, using CANDE, COMS, 
GEMCOS, DMSII, File Management, Screen- 
builder, COBOL-74. Required: M.S. in Design En- 
gineering; a course in Design Methods and in 
Management Information Systems; six months 
experience using Business Manufacturing Con- 
trol System (BAMCS) and six months ex- 
perience in software development for the steel 
industry. Must have proof of legal authority to 
work permanently in the U.S. Send resumes to: 
Illinois Department of Employment Security, 
401 S. State St., #3 South, Chicago, IL 60605, 
Attn: Gordon Doliber, Reference #V-IL 4585-G. 
2 copies of your resume required. An Employer 
Paid Ad. No Calls. 





(Continued on p. 53) 
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Government/Industry Positions Open 


Microprocessor Engineer: A highly rewarding 
opportunity in hardware/software manufactur- 
ing system development is available for an elec- 
trical engineer or instrumentation physicist 
with outstanding academic credentials. Mini- 
mum requirements: masters degree, micropro- 
cessor applications, embedded control, profes- 
sional publications, two years manufacturing 
experience. Experience in precision machine 
tooling also desirable. Doty Scientific is an at- 
tractive high-tech manufacturing and R&D com- 
pany with an exceptional nine-year growth rec- 
ord. Competitive salary and benefits commen- 
surate with abilities and experience. Send re- 
sume including copy of transcripts, and GRE or 
a SAT scores to: Judy Doty, Doty Scientific, Inc., 
700 Clemson Rd., Columbia, SC 29223. 


Engineer, Senior Research: Req. Ph.D. or the 
equiv. in EE with emphasis in image processing 
and 3 yrs. exp. in job offered or 3 yrs. exp. in dig- 
ital signal processing software in video signals; 
data compression and related techniques, in- 
cluding transform coding, motion estimation, 
compensation techniques, DCT, and digital 
filtering; real-time implementations of signal 
processing routines; UNIX; C; video systems & 
tv. broadcast standards. To design, develop, im- 
plement and test image and audio signal pro- 
cessing software and its hardware implemen- 
tations for use in UNIX multi-media applica- 
tions. Research compression technologies for 
use in future products. $80,000/yr. 40 hrs./wk. 
Job site/interview: Mountain View, CA. Clip ad 
and send with resume to Job #DN 8322, PO. Box 
9560, Sacramento, CA 95823-9560 no later than 
March 1, 1992. Upon hire must show immediate 
ability to work in the United States. EOE. 


Design Engineer: Digital processing software 
design, employing Z transforms and Fourier, for 
the TMS320 family of processing products, 
used in the telecommunications industry. Re- 
quires design capability with nae and digi- 
tal hardware which interfaces with digital sig- 
nal processing software. Design involves use of 
the TMS320 assembly language programming. 
Perform digital filter design, (both IIR and FIR). 
Use numerical analysis concepts to improve 






























Second Edition 
Gallium arsenide is revolu- 
tionising the semiconductor 
industry. It is a major com- 
petitor to silicon in the push 
for faster, higher frequency 
and greater bandwidth cir- 
cuits: GaAs has a much higher 
electron mobility, has greater 
thermal stability and provides 
higher resistivity IC substrates 
than silicon. 





signal - ality. 8:00 a.m. to 4:30 p.m., 40 hours 
per week. $36,700.00 per year. Minimum require- 
ments: M.S. in Electrical Engineering. Educa- 
tion must include at least one graduate course 
or 2 semesters of graduate research work in: a) 
digital signal processing, using TMS320 
microprocessor, and TMS320 aes 
guage; and b) digital filter design (both IIR and 
FIR). Must have 1 year experience in the job 
offered. Must have proof of legal authority to 
work permanently in the U.S. Submit two copies 
of resume to: Illinois Department of Employ- 
ment Security, 401 South State Street, 3 South, 
Chicago, Illinois 60605, Attention: Reference # 
V-IL 4273-G. NO CALLS. AN EMPLOYER PAID 
AD. 


Engineer, Senior A. Resp. for generation & in- 
vestigation of new concepts in electron devices 
for applic. in areas of microwave & medical 
equipment, imaging & signal processing: duties 
incl. improvement of materials & processing; 
device modeling, simulation & design; meas- 
urement of device perf. & eval. of design; defi- 
nition, presentation & marketing to business 
units. Reqs. Ph.D. in Physics or E.E. with device 
physics conc. and 5 yrs. exp. with electron R&D. 
Also reqs. exp. in design, measurement & 
modeling over a broad range of electron devices 
& circuits, incl. unipolar/bipolar semiconductor 
devices; microwave devices & accelerators; 
radiation detectors & imaging devices; radia- 
tion damage; deep-level characterization in 
materials and devices; & electron noise 
processes. Salary: $1,483.16/week. Job & intrvw 
site: Palo Alto, CA. Send this ad & a resume to 
Job #TC11414 PO. Box 9560, Sacramento, CA 
95823-0560 not later than March 15, 1992. Must 
have legal right to work. 


Government/Industry Position Wanted 


Applied Mathematician (M.S. plus 1 year gradu- 
ate work) retired from federal microwave meas- 
urements laboratory seeks temporar anon 
(less than 6 months) in R & D project. Publica- 


tions in guided wave systems. Prefer numerical 
math methods and coding in electromagnetic 
fields. Fortran or Rocky Mountain Basic. | have 
486 PC. (303) 494-8405 or (904) 795-1639. 
(Continued on p. 59) 
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Moreover, it is a key material in some 
areas where silicon is of only minor 
significance; namely, the burgeoning 
millimetre wave and optical circuits. 
Gallium arsenide is also widely 
used in LEDs (light emitting 
diodes) and solar cells. 


$290.00 


EMIS Datareview Series No. 2 
280 x 210mm, casebound, 700pp 
ISBN: 0 85296 485 4 
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Faults & failures 


AV = 0.7V = 85 000 
irate travelers 


A mere 0.7 V made the difference between 
a smoothly functioning telecommunications 
system and truly massive telephone outages 
and air transportation tie-ups throughout 
much of the northeastern United States last 
Sept. 17. According to a U.S. Federal Com- 
munications Commission report, a protec- 
tive meter-relay, improperly set to trigger 
at 52.8 V instead of 53.5 V, overreacted to 
a voltage surge and cut off ac power to some 
transmission equipment at one of AT&T 
Co.’s most crucial facilities in New York 
City—the unit at 33 Thomas St. that serves 
Wall Street and three major airports. 

The effects were far-reaching: 471 000 in- 
ternational calls and 4.5 million domestic 
calls were blocked from about 4.30 p.m. until 
service was fully restored after midnight. 
(The blockage could have been worse; the 
outage occurred as the business day was 
winding down and after many workers had 
left early to be home for the start of the Jew- 
ish holiday of Yom Kippur.) More serious 
were the effects on the air traffic control sys- 
tem run by the U.S. Federal Aviation Ad- 
ministration (FAA). 

The FAA depends heavily on leased pri- 
vate lines that pass through the Thomas 
Street center. Thus, at 4.35 p.m. the FAA’s 
regional air traffic control center at 
Ronkonkoma on eastern Long Island lost 
most of its links to radar sites, radio chan- 
nels to aircraft, telephone lines, and com- 
puter links. The Ronkonkoma center han- 
dles all airline flights within a 330-km radius; 
controllers there suddenly could not com- 
municate with pilots or other controllers. 

The FAA stopped takeoffs from Newark, 
Kennedy, and Laguardia airports, where 
over 100 planes were in line for departure. 
Continentwide, flights to New York City 
were stopped. 

Meanwhile, controllers scrambled to han- 
dle airborne traffic in the area. They divert- 
ed inbound planes or landed them, and they 
guided outbound ones carefully to adjacent 
control centers—all with limited, often im- 
provised communications facilities. 

When normal air traffic communications 
had been restored, Kennedy had 60 planes 
waiting and Newark had 70. Delays lasted 
into the next day, affecting 85 000 pas- 
sengers and 1100 flights across the country. 

How could a minor malfunction at Thomas 
Street cause such chaos? The answer in- 
volves faulty maintenance, failure to follow 
standard practices, poor judgment, reliance 
on vulnerable, collocated communications 


Commercial 
power 


links, and bureaucratic intransigence. 

The relay malfunctioned more than 6 
hours before the communications outage. At 
10.10 a.m., AT&T switched from commer- 
cial power to its standby diesel generators 
as part of a power-shedding agreement with 
Consolidated Edison Co., in anticipation of 
a hot, humid day. The switchover succeed- 
ed for 19 of the 20 power plants in the build- 
ing. But the plant with the faulty meter-relay 
shut down the rectifiers feeding direct cur- 
rent to the batteries powering crucial trans- 
mission equipment. All day, the batteries si- 
lently supplied energy until they became 
exhausted, around 4.30 p.m., and the mas- 
sive outage ensued. 

In its investigation, AT&T found that the 
meter-relay apparently had been mis-set 
about three months before, when some 
modifications were made in the power plant. 
The meter-relay should have been tested at 
that time, but the installer did not follow the 
correct procedure. 

When the meter-relay cut ac power to the 
rectifiers, the building’s alarm system was 
immediately triggered—but no one heard 
the ringing bells or saw the flashing lights. 
The 20th floor at Thomas Street, where the 
inoperative power plant was located, is not 
normally staffed, and a walkthrough by main- 
tenance personnel—standard procedure 
after a switch to standby power—did not 
occur. The regular maintenance staff was out 
of the building; its supervisor elected to go 
through with an off-site training session de- 
spite the power switchover, which had been 
done many times before without incident. 
No clear arrangements had been made for 
a substitute to do the walkthrough. 

On the 14th floor, which is staffed around 
the clock, the alarm light did not work be- 
cause its bulb was burned out. The audible 
alarm there did not work because its lead 
wire had been inadvertently cut during a re- 
cent equipment move. (A technician just ar- 
rived for the late shift noticed the alarm light 
on the 15th floor, but by then the batteries 
had to be completely disconnected before 
they could be recharged.) 

At the time of the outage, AT&T had been 
| installing a modern alarm system at Thomas 








When commercial power was cut, intentionally, so was diesel power, unintentionally, by a 
faulty meter-relay. Batteries alone then supplied telephone equipment. 





Street. That system, now in place, does not 
rely on local surveillance exclusively; it also 
sets off remote alarms at a control center in 
Georgia. And the aging power system is 
being replaced. Immediately after the inci- 
dent, AT&T began to reroute critical FAA 
communications lines to other offices so that 
not all pass through Thomas Street. If one 
office goes down, it will not take all commu- 
nications with it. AT&T also will repudiate 
its load-shedding agreements, not just in 
New York but also in 28 other areas. 

In November, AT&T put in service an 
emergency microwave link that had been 
under construction for the Ronkonkoma con- 
trol center, JEEE Spectrum was told by 
Barry Boshnack, telecommunications spec- 
trum engineering branch manager. ‘‘In ad- 
dition, the FAA plans to operate its own 
microwave link early in 1992 as an alterna- 
tive to the leased emergency link,’’ Bosh- 
nack said. For further insurance, the FAA 
implemented a circuit diversity plan for the 
center. ‘‘Access lines now go through two 
central offices instead of one,’’ Boshnack 
said, ‘‘so that if we do lose an office or lose 
network access through Thomas Street, we 
still have a path to get into the system.”’ 

For his part, New York City Mayor David 
N. Dinkins convened a panel of executives 
to find ways of restoring the city’s telephone 
service quickly after massive outages. The 
panel’s first recommendation was to insti- 
tute carrier diversity: a carrier in trouble 
should call on any of 12 other carriers in the 
area to help with its traffic. 

And the FAA at last got permission to go 
ahead with its Leased Interfacility National 
Airspace Communications System (Lincs), 
an advanced nationwide backup system that 
would take over, almost seamlessly, if a simi- 
lar outage should happen. The U.S. Gener- 
al Services Administration previously had in- 
sisted that the FAA use the Government’s 
general-purpose FTS-2000 system for back- 
up, a demand the FAA had resisted, claim- 
ing that a dedicated system was vital. 





COORDINATOR: George F Watson 
CONSULTANTS: John Devaney, Hi-Re/ Laboratories 
Inc.; Robert Thomas, Rome Laboratory 
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Two-weeks intensive course organized by 


. _— SWISS FEDERAL INSTITUTE OF TECHNOLOGY (EPFL), LAUSANNE, SWITZERLAND 
g 


& Practical Aspects 
of Analog IC Design 


Lausanne - Switzerland, June 29 - July 10, 1992 


The purpose of this course is to provide useful information for engineers involved in the design of analog or mixed analog-digital integrated circuits 
and systems, It will discuss the practical problems encountered in the design and production of analog ICs. 


PART I : General Circuit Design Issues PART II : Analog Interface Design Problems 
June 29 - July 3, 1992 July 6-10, 1992 


New Analog IC Technologies ( BiCMOS, SOI, GaAs) On-Chip Continuous-Time Filter Design Techniques 
Packaging Techniques for Mixed A/D Components Building Blocks for CMOS Analog Interface Systems 
Analog Semicustom Design Using Transistor Arrays Building Blocks for BJT Analog Interface Systems 
Analog Layout Techniques, CAD for Analog Layout Grounding and Bus Routing Techniques for Analog IC's 
Layout of Analog and Mixed A/D Systems Design of On-Chip Voltage References 

Noise Coupling in Analog IC's, Pitfalls in Analog IC Design The Design and Testing of Oversampled ADC's 

Testing Analog IC's, High-Frequency CMOS Design The Design and Testing of Oversampling DAC's 

Design Examples of CMOS Mixed Circuits The Design and Testing of Ultrafast Data Converters 
Practical Considerations in SC Circuit Design Interface Electronics for Fiber Optic Computer Links 
Micropower Device Modeling and Examples of Applications Interfaces for Optical Communications 

Noise Estimation in SC Circuits : a Practical Design Verification CDS Techniques in SC Circuits 

Practical Issues in the Modeling of CMOS Devices Sensor Design and Fabrication for Cointegration with Interface Circuitry 
BiCMOS Analog Circuit Design Techniques Interface Design for Smart Sensors 


LECTURERS : C.Azeredo Leme (ETHZ, CH); H.Baltes (ETHZ, CH); P.Brokaw (Analog Devices, USA); N.C.Bui (Ascom, CH); H.Casier 
(MIETEC, B); J.Corcoran (HP, U.S.A.); M.Declercq (EPFL, CH); C.Enz (SSS, CH); M.Ferries (GEC-Marconi, GB); A.Ganesan (Crystal Sem., 
USA); T.Hornak (HP, USA); L.Larson (Hughes, USA); F.Maloberti (Unv.of Pavia, I); R.van de Plassche (PHILIPS, NL); F.Rahali (Ascom, 
CH); M.Rebeschini (Consultant, USA); W.Sansen (UKL, B); T.Schmerbeck (IBM, USA); G.C.Temes (OSU, USA); J.Thomson (IBM, USA); 
Y.Tsividis (NTUA, GR); E.Vittoz (CSEM, CH). 


Course directors : M.Declercq, G.C.Temes and V.Valencic 
Course fee : PART I or II : 2'700.- SFr. ; PART I & II: 4'400.- SFr. 
Deadline for registration : May 30, 1992 
Mailing address : V.Valencic, EPFL-LEG, EL-Ecublens, 1015 Lausanne, Switzerland ; Tel: +41-21-693'39'72(or 75), Fax: +41-21-693'36'40 


EPFL is member of the ESPRIT VLSI Design Action of the European Communities. 


Intensive Summer Course 


CMOS & BiCMOS VLSI Design '92 


ANALOG & DIGITAL 


Lausanne, Switzerland 
August 17 - September 4, 1992 
organized by 


Electronics Laboratory of the Swiss Federal Institute of Technology, Lausanne (EPFL) 


Three one-week modules are proposed to the participants with the possibility of choosing any combination of the 3 modules. If PART II is chosen, it is strongly 
recommended to follow PART I as well. In addition to the lectures, a hands-on training (PART 1) will be provided to the participants in a modern Computer Aided 
Instruction laboratory, using MENTOR/GDT environment. PART III will deliberately insist on the deep understanding and adequate modeling of active components and of 
their basic combinations, which are considered to be prerequisites for sound analog designs. Local specialties such as low current operation and high-precision design will be 
emphasized. 


PARTI: INTRODUCTION TO CMOS & BiCMOS INTEGRATED CIRCUIT DESIGN 
(1st week: August 17 - 21) 


PART II: ADVANCED VLSI DESIGN AND ARCHITECTURE 
(2nd week: August 24 - 28) 


PART III : ADVANCED ANALOG DESIGN 
(3rd week: August 31 - September 4) 


Deadline for registration: June 15th 
Registration fees in Swiss Francs: 1 week; 2'500.-, 2 weeks; 3'500.-, 3 weeks; 4'500.- 


INSTRUCTORS 


M.ANNARATONE, H.CASIER, R.CASTELLO, G.DECLERCK, M.DECLERCQ, H.DEMAN, P.DUCHENE, C.ENZ, K.ESHRAGHIAN, B.GILBERT, H.HARINGER, B.HOCHET, :I.KAESLIN, 
S.M.KANG, F.KRUMMENACHER, D.MLYNEK, A.OSSEIRAN, H.-J.PFLEIDERER, F.RAHALI, W.SANSEN, G.TEMES, C.TRULLEMANS, A.VACHOUX & E.VITTOZ 


Course directors: MICHEL DECLERCQ, DANIEL MLYNEK, ERIC VITTOZ 


Course manager and mailing address: _VLADO VALENCIC, EPFL-LEG, EL-ECUBLENS, 1015 LAUSANNE, SWITZERLAND 
phone: + 41-21-693.39.72(or 75) fax: + 41-21-693.36.40 


EPFL is member of the ESPRIT VLSI Design Action of the European Communities. 








Simulate an ant colony 


Picture yourself at the head of a column of 
warrior ants, leading an invasion through the 
wilds of the backyard into a suburban house. 
A new software game, SimAnt, gives youa 
chance to grow an ant colony without get- 
ting your hands dirty. Then, by manipulat- 
ing ant behavior, you can direct the ‘‘in- 
sects’’ in battles, invasions, and infestations. 

The first step is to cultivate the ant colo- 
ny, starting with one ant, a queen, and an 
egg. Tutorials based on the Pulitzer Prize- 
winning book by E.O. Wilson, The Ants, pro- 
vide guidance. After the colony has matured, 
you may choose from several games. In the 
Quick Game, the object is to outbreed, out- 
feed, and outmaneuver the red ants. In the 
Full Game, you and your ants scheme to oc- 
cupy the backyard and then infest the house, 
room by room, until the inhabitants run for 
the insecticide. 

SimAnt software may be run on the IBM 
PC/Tandy with 640K bytes of memory 
under MS DOS or PC DOS 2.11 or higher. 
Macintosh PCs require 1 Mbyte for mono- 
chrome and 2 Mbytes for color (System 7: 
2 Mbytes for monochrome and 2.5 Mbytes 
for color) with DOS 6.02 or higher. Amiga 
PCs require 1 Mbyte for low and 2 Mbytes 
for high resolution with DOS 1.2 or higher. 

For the IBM PC/Tandy, the game soft- 
ware comes on four 5.25-inch disks and two 
3.5-inch disks. For the Macintosh, two 3.5- 
inch disks suffice, and for the Amiga, three 
3.5-inch disks. A user’s manual with a 
science section is included in the package. 
SimAnt is a product of Maxis, is distributed 
by Broderbund Software, and sells for US 
$59.95. Contact: Broderbund Software, 500 
Redwood Blvd., Box 6121, Novato, Calif. 
94948-6121; 415-382-4400; or circle 101. 





End background boredom 


Does your Windows 3.0 wallpaper make you 
yawn? Now you can customize the Windows 
background with Fractals Wallpaper #1, a 
portfolio of 24 color patterns derived from 
fractals. These geometrical figures are gen- 
erated by repeating adjacent, ever smaller 
shapes for an indefinitely greater number of 
times. 

The most distinctive feature of fractals is 
self-similarity: when magnified, a small por- 
tion of the figure resembles some larger 
part, either exactly or very closely. Random, 
computer-generated fractal images resem- 
ble photographs of clouds, trees, landscapes. 

Such patterns may be generated on per- 
sonal computers with readily available pro- 
grams, but then, they may take hours or 








even days to produce. In contrast, the Frac- 
tal Wallpaper patterns are produced on a 
high-speed parallel processor with a high- 
resolution color graphics system that can dis- 
play over 32 000 colors. A process called 
diffusion dithering then converts them for 
display on a 16-color VGA system. 

Pixel Visions has loaded some of these im- 





This Fractal Wallpaper #1 pattern was gener- 
ated on a parallel processor with a high- 
resolution color graphics system. 


ages into Windows 3.0 bit-map files for ac- 
cess through the Windows directory. Each 
pattern fills a quarter of the screen and four 
may be used to fill the screen. 

Fractal Wallpaper #1 costs $25 and is avail- 
able for EGA or VGA on 5.25-inch disks in 
16 and 256 colors. Contact: Mike Tilley, Pixel 
Visions, Box 713, Glenn Dale, Md. 20769- 
0713; 301-474-1700; or circle 102. 


SOFTWARE 


A CASE software source 


Software-engineering tools and their suppli- 
ers become easier to locate and order with 
Toolfinder, a Personal Computer-based 
cross reference database on disc, and a 480- 
page sourcebook to the Computer Aided 
Software Engineering (CASE) industry. 

The Toolfinder enables the user to find 
specific tools by using over 400 attributes 
in eight major categories: application types, 
development tasks, methods and notations, 
platforms, operating systems, databases, 
networks, and languages. 

The Case Outlook Guide to Products and 
Services lists information on more than 850 
tools from over 300 suppliers. Nine sections 
cover vendors and products, consultants, 
conferences, education, resources, institu- 
tions, standards, and workstations. Bibliog- 
raphy and glossary are appended. The work- 
station section includes a review of the 
leading computing platform features and 
prices, as well as a cost-per-seat analysis for 
state-of-the art CASE environments. 

Three interpretive reports round out the 


Pixel Visions 





EEs' tools & toys 


volume. The CASE State-of-the-Industry 
Report describes technical trends in soft- 
ware design automation, changing market 
perceptions and expectations among suppli- 
ers, competitive strategies, and standards ef- 
forts. The CASE Outlook Software Tool 
Census shows the distribution of over 850 
tools by the Toolfinder’s eight categories, 
and includes an analysis of tool trends, areas 
of opportunity, and emerging tool niches. 
The CASE Outlook Software Tool Topolo- 
gy indicates in over 300 graphs how products 
from the industry’s CASE suppliers address 
the software development cycle. 

The sourcebook, Toolfinder disk, and ad- 
ditional reports together sell for $195. Con- 
tact: CASE Consulting Group, 11830 Kerr 
Parkway, Suite 315, Lake Oswego, Ore. 
97135; 503-245-6880; fax, 503-1245-6935; 
or circle 103. 





Demo of LabWindows 2.0 


If you use C and Basic for data acquisition 
and instrument control, you might be in- 
terested in a demonstration at your desk of 
the software development program LabWin- 
dows 2.0. The demonstration disk, based on 
a version of the LabWindows 2.0 develop- 
ment system, is available free from Nation- 
al Instruments Corp., and has been trans- 
lated into French, Italian, Japanese, and 
Spanish. 

The disk includes illustrations of applica- 
tion programs in test and measurement, PC- 
based automatic test equipment (ATE), fac- 
tory automation, process monitoring, pro- 
cess control, laboratory automation, and 
physiological monitoring. 

LabWindows 2.0 combines standard indus- 
try products—hardware and software—into 
a single development system for data acqui- 
sition and instrument control. It enables the 
user to acquire data with and to control the 
general-purpose interface bus (GPIB), VXI- 
bus, and RS-232 instruments as well as plug- 
in data acquisition boards. Analysis and data 
presentation capabilities of LabWindows 2.0 
can be used to develop complete applications 
with either QuickBasic or C. 

The program comes on 5.25- or 3.5-inch 
diskettes, and requires a PC AT, EISA, or 
Micro Channel computer running MS-DOS 
(version 3.0 or later), 2 Mbytes of memory, 
at least an 80286 processor, and an EGA or 
VGA display adapter. Contact: National In- 
struments Corp., 6504 Bridge Point Parkway, 
Austin, Texas 78730-5039; 800-433-3488; 
fax, 512-794-8411; or circle 104, 





COORDINATOR: Dana Norvila 
CONSULIANT: Paul AT. Wolfgang, Boeing Heliconters 
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Spectrum EE Job Satisfaction 
Poll Report Available 


SPECTRUM 
reader survey: 
how electrical 


engineers see 


themselves | 


A report on 
the job satisfaction 





HOW ELECTRICAL 
ENGINEERS SEE 
THEMSELVES 


Publication No. THO254-3 
IEEE Members $7.50 List $20.00 


Electrical engineers, while generally 
satisfied with their job and their profes- 
sion, may be growing less optimistic 
about both. 

IEEE Spectrum conducted a poll on job 


satisfaction last year and received 
responses from nearly 800 members. The 
results of the poll, which features a sec- 
tion that explores the image engineers 
have of themselves, can be found in the 
just-published, 48-page report entitled 
How Electrical Engineers See Themselves. 
Surprisingly, although most respondents 
were happy with their profession, fewer 
today would recommend that a family 
member or friend pursue electrical engi- 
neering than would have done so five 
years ago. 

The report addresses which job func- 
tions, among the many for which an 
engineer is responsible, detract from job 
satisfaction and which contribute to it. In 
addition, the answers are catalogued for 
a section of the survey that asked how 
far respondents expected electrotechnol- 
ogy to progress by the year 2000. 
Included are some of the illuminating 
written comments that accompanied 
many of the survey responses. 

For information on how to order How 
Electrical Engineers See Themselves, use the 
Reader Service Card. 





Circle No. 36 


“What We Do 
for Packaging 
Engineers 
is Nobody 
Else's 

Business. 


We're ParICs, a division of Ansoft Cor- 
poration, and we've unleashed the power of 
Physical IC Modeling for the design of IC's, 
MCM's and PCB's. 

Unlike any software, the ParICs family of 
products allows a level of CAD/CAE integration 
that permits design, analysis and characteriza- 
tion to be generated from a single database. No 
special CAD knowledge is needed, so training is 
minimal and you're productive almost instantly. 

Shortening design cycles and skyrocketing 
prototype costs? With ParlCs you'll be able to 
produce designs faster. Better. Easier. Because 
you generate your designs before going to 
prototype—allowing you to evaluate more 
designs in less time. And for less money. 

Our ParICs Physical IC Modeling tools will 
soon have you designing like nobody else's 
business. Just call us at 602-784-4084, and 
we'll get you started right away. 


ANSOFT 


Field Simulation for 
Electrical Engineering 


Ansoft Corporation, Four Station Square, Suite 660, Pittsburgh, PA 15219, USA 


Circle No. 11 
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PROFESSIONAL CONSULTING SERVICES 


THE CONSULTING GROUP 


Multi-Dispciplined Engineers with PE./Ph.D. 
© Microwave, RF, Fiber-Optic Systems Design 
* Oscillators, Amplifiers, Filters, Antennas, 
Synthesizer/PLL Design. Microprocessor, 
Communication ckts. Industrial Power System. 
R&D, Prototyping & Testing in our Lab facilities. 
71-25 Austin St., Forest Hills, NY 11375 
793-0777_Fax (718) 793-0770 


RAINES ELECTROMAGNETICS 
Consulting Since 1972 


¢ Antennas and Arrays 
¢ Scattering and Radar Cross Sections 
e Radhaz & Environmental Impact 
¢ Simulations of Fields & Phenomena 
Jeremy K. Raines, Ph.D., PE. 
President (301) 279-2972 


CONTROL SYSTEM CONSULTING 


© Servo design, high performance motion 
control, synthesis, system performance, 
simulation, specs, integration, testing 


e Electrical, mechanical, hydraulic 
¢ Defense, aerospace, industrial experience 


30 East Gate Road A.R. Hazelton 
Danbury, Conn. 06811 (203) 743-7002 


International Compliance Corporation 
Design, Test, & Consulting 
* FCC Certification/ Verification 
e VDE, CISPR, VCCI (Japan) 
° “4992” European Compliance Testing 
Product Safety: UL, CSA, IEC, VDE 
e Electrostatic Discharge (ESD) 
¢ MIL-STD 461/462, NARTE-Certified Engineer 
812 Office Park Circle (214) 221-7071 
Lewisville, Texas 75057 TELEX: 403482 (ICC DAL) 


INTEGRATED OPTICAL CIRCUIT CONSULTANTS 
Consulting, Contract R&D, and Prototyping 
Integrated, Fiber, and Guided-Wave Optics 

¢ Applications Engineering 
* Design, Fabrication and Evaluation 
* Critical Analysis of Technology 
* Troubleshooting 


© Marketing 
R.A. Becker, D. Sc. 
President 10482 Chisholm Ave. 
(408) 446-9812 Cupertino, CA 95014 


T-TEC H 1 DEAN ST./BOX 151 
TM HUDSON, MASS. 
VOICE: (508) 562 5820 FAX: (508) 568 1219 
RF (TO 2 GHz), ANALOG, VIDEO, 
FIBER OPTICS, PLL’S, SYNTHESIZERS, 
FILTERS, A/D CONVERSION 


THE MOST TIMELY, COST EFFECTIVE, 
AND HIGHEST PERFORMANCE SOLUTION. 


INTEGRATED CIRCUIT DESIGN CONSULTING 
Providing integrated circuit design and analysis 
consulting services with gate arrays, cell libraries, or 
full custom in digital, analog, cmos, bipolar or ecl 
technologies and support services such as modeling, 
layout, verification, software, testing, debugging, 
documentation, and reverse engineering. 


1556 Halford Ave, Ste 310 Santa Clara, CA 95051 
(408) 243-7422 









O.E.M. Electronic Products 
¢ 13 Year Product Development History 

© Custom, RF/Digital ASICs ¢ RF Systems 

© Computerized Instrumentation 

¢ Spread Spectrum Communications 

¢ Finest Electronic Assemblies, Any Scale 


LocUS, Incorporated 


1842 Hoffman St., Madison, WI 53704 
608/244-0500 FAX 608/244-0528 














EW System Consulting 


e Hardware & Software Design, Analysis and 
Simulation ¢ System Performance Requirements 
¢ Specifications ¢ Test Plans & Procedures 
© System Integration & Testing 

For further information contact: 
Eckhard J. Schulz, Ph.D., President 


ESEA, Inc 5150 El Camino Real # B-15 





IRA J. PITEL, Ph.D. 


Consulting, Research and Development 
in Power Electronics and Magnetics 
Power Supplies, Inverters, Converters, Motor 

Drives, Lighting Controls, Industrial Controls, 

Transformers, and Special Magnetics. 
MAGNA-POWER ELECTRONICS, INC. 
135 Route 10 Whippany, NJ 07981 
(201) 428-1197 


NOISE, TRANSIENTS AND INTERFERENCE 


° FCC, VDE, EMC/EMI 

e Tene: ESD, RF, Transients, Lightning 
¢ Testing & Retrofit for Product Enhancement 
* Speed to Market via Design Review 

* Noise-Immune Designs and Prototypes 

¢ FCC Compliance Training & Retrofits 


THE R. Kenneth Keenan, Ph.D. 
T KC @ KEENAN Vice President, Engr. 
CORPORATION 8609 66th St. North 
(813) 544-2594 Pinellas Park, FL 34666 












Infolytica Corp. (514) 849-8752 


Expert electromagnetics design & analysis 
using MagNet 2D and 3D FEA software. 








© motors © magnetizing fixtures 
© transformers © recording heads 

© actuators © NMR applications 

© levitators © magnetic bearings 
© CRT design ® etc... 






1140 deMaisonneuve, Suite 1160 Montreal, Canada, H3A 1M8 





LEONARD R. KAHN, PE. 


Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversify Reception - Stereophonic Systems 


Modulation Systems 
Registered Patent Agent 


222 Westbury Ave. 
Carle Place, NY 11514 
516-222-2221 
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Patent Attorney 
Robert E. Malm, Ph.D. (M.I'T.) 
Attorney "At Law 
Post Office Box 522 
Pacific Palisades, CA 90272 
Tel: (310) 459-8728 
Fax: (310) 573-1781 





SOFTWARE ENGINEERING 


¢ Real-Time Systems Analysis and Design 
© Software apn i ai Training 
(Call for Offerings) 
¢ CASE Training and Implementation 
¢ Consulting Services 
¢ Product Development 


Carl A. Argila, Ph.D., Inc. 
SOFTWARE ENGINEERING CONSULTANT 
800-347-6903 


ELECTROMAGNETIC DESIGN ANALYSIS 


Consultancy by world leaders in 3D electromagnetic 
computation using PE2D, OPERA, TOSCA and ELEKTRA 


* electrical machines = ¢ MRI scanners 

recording heads © magnetic casting 

© actuators © scientific apparatus 

© transformers © NDT equipment 

© loudspeakers © accelerator magnets 
VECTOR FIELDS INC. tel: (708) 851-1734 


1700 N Farnsworth Ave, Aurora IL 60505 fax: (708) 851-2106 





CONSULTING & PROTOTYPES 
ELECTRIC MOTORS 


BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 


MAGNA PHYSICS CORP. JAMES R. HENDERSHOT 
144 E. Main St., Suite 203 TEL: 513-393-9835 
P.O. Box 78 513-393-3810 
HILLSBORO, OH 45133 FAX: 513-393-9836 





(415) 962-1167 Los Altos, CA 94022 


Princeton Electro-Technology, Inc. 


PERMANENT MAGNETS 


MATERIALS, DEVICES & APPLICATIONS 
CONSULTING, DESIGN, PROTOTYPES, MARKETING 


Peter Campbell, Ph.D., President 
2449 Patricia Avenue Tel: (310) 287-0375 
Los Angeles, CA 90064 Fax: (310) 287-0378 


INDUSTRIAL CONTROLS 


CUSTOM MICROPROCESSOR CONTROLS 


© Machine Tool Controls | * Consumer Product Design 












© Process Controls ¢ Instrument Design 
© Medical Electronics © Prototype Production 
© Neural Networks * Control Software 







Wintriss Engineering Corporation 
Wie Viewridge, San Diego 92123 
(800) 733-8089 Vic Wintriss, MSEE 


£Ml Research Engineering 
Matt Eiting Pete Mastin, P.E. 


RF/Microwave Circuit Design 
e Amplifiers, Filters, Oscillators 
© Receivers, Transmitters 


e Synthesizers/PLL Design 
2705 Highway 40 Suite 303A P.O. Box 1247 Verdi, NV 89439 
(702) 345-2411 


CSE 


Communications Systems Engineering, Inc. 
¢ Specializing in Spread Spectrum systems. 





e FCC Part 15 apps, direct sequence or hopping. 
¢ Low cost, alignment free implementations, DSP. 
© Complete RF and digital laboratory facilities. 


1004 Amherst Avenue Phone: (310) 820-3825 
L.A., CA 90049 FAX: (310) 820-6761 
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Digital & Mixed Signal Designs 
XILINX, PLD’s, VMEbus, 680X0 
“Your Place or Mine” 


Ask for 
Brochure 
(813) 596-1990 









Jack Killingsworth 
10380 131st. Street 
Largo, FL 34644 





MICRO RESEARCH co. i Please Contact: 

We are the top professional of 

© Microcomputer Based Product 
development 2 

 Hardware/Software development ‘2: 

© Semi-custom IC development ei eee 
-MCU, ASIC, ROM, Voice /Sound/ (852) 559-3031 
Melody IC Telex: 

© End Product development 74773 MICOR HX 


4111-15 H.K. Plaza 
369 Des Voeux Rd, 
West, Hong Kong 


TECHNICAL WITTS, INC. 


Switchmode Power Supply Design 
Software Engineering - Windows, C, C++ 


6319 W. Villa Theresa Drive, Glendale, AZ 85308 
Voice: (602) 439-1833 FAX: (602) 547-1123 
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The EEE Dept. at the Hong Kong University of 
Science & Technology invites applications for 
faculty positions at all ranks. The Department 
is rapidly expanding and is expecting to double 
its current faculty size of 12 in 1992. Areas of 
particular interests include IC design, microe- 
lectronics, semiconductor materials & devices, 
microsensors, photonics, signal processing, in- 
formation technology and communication. Sal- 
aries and benefits are comparable to those in 
the U.S. Initial appointments will gy be 
on a 3-year contract; a gratuity of an amount 
equal to 25% of the total basic salary drawn will 
be payable upon successful completion of con- 
tract. Applicant should possess a doctorate de- 
gree with demonstrated research experience. 
Interested applicants please send resume with 
a statement of teaching and research interests 
to Professor Peter Cheung, Head, Dept. of Elec- 
trical & Electronic Engineering, HKUST, Clear 
Water Bay, Kowloon, Hong Kong. 


The Microwave Remote Sensing Laboratory 
(MIRSL) of the University of Massachusetts is 
seeking highly-qualified Ph.D. candidates in- 
terested in exciting research opportunities ‘in 
sensing geophysical phenomena. MIRSL 
specializes in developing microwave and 
millimeter-wave sensing instruments for 
ground-based and airborne experiments and in 
the analysis of data measured with these sen- 
sors. Research is currently underway to remote- 
ly sense ocean surface winds, currents, salini- 
ty, temperature, and sea ice; atmospheric water 
vapor, turbulence, cloud dynamics, and precipi- 
tation; and foliated and snow-covered terrain. 
We seek students who wish to be involved in all 
aspects of our research, including problem 
identification, instrument development, field 
experiments, and data analysis. Appropriate 
candidates will have earned bachelor’s degree 
with distinction in Electrical Engineering or 
Physics. Research assistantship stipends 








begin at $12,500/year. A limited number of fel- 
lowships at $16,000/year are also available. Ap- 
plications will be accepted until suitable can- 
didates have been identified. For more informa- 
tion, please contact Dr. James Mead, Room 
113B, Knowles Engineering Building, Universi- 
ty of Massachusetts, Amherst, MA 01003; 
phone (413) 545-2463. The University of Mas- 
sachusetts is an Affirmative Action/Equal Op- 
portunity Employer and encourages women 
and minorities to apply. 


University of Hong Kong. Directorship of the 
Electronic Services Unit (Ref. 91/92-39). Applica- 
tions are invited for the post of Director of the 
Electronic Services Unit, vacant from January 
1, 1993 following the retirement of Mr. R.Y.P. Ma. 
The successful candidate will be responsible 
for the management of a group of professional 
engineers and other staff undertaking the de- 
sign, development and servicing of scientific, 
engineering and biomedical electronic instru- 
ments for research and teaching in the depart- 
ments of the University. Applicants must be cor- 
porate members of the Hong Kong Institution 
of Engineers elected after 5.12.75; or the Insti- 
tution of Electrical Engineers. They must have 
5 years post qualification experience in a 
responsible position in system design, and proj- 
ect and maintenance management, specifical- 
ly in the areas of electronic instrument design 
and development and/or electronic instrument 
servicing. Annual salary (superannuable) is on 
the scale: HK$480,360 -583,620 (6 points) or 
HK$480,360—645,300 (9 points) (approx. 
US$1=HK$7.80 as at December 4, 1991). At cur- 
rent rates, salaries tax will not exceed 15% of 
gross income. Housing at a charge of 7.5% of 
salary, children’s education allowances, leave, 
and medical benefits are provided. Further par- 
ticulars and application forms may be obtained 
from Appointments (40167), Association of 
Commonwealth Universities, 36 Gordon Square, 
London WC1H OPF, UK; or from the Appoint- 
ments Unit, Registry, University of Hong Kong, 
Hong Kong (Fax (852) 5592058; E-mail: 
APPTUNIT@HKUVM1.HKU.HK). Closes 1 
March 1992. 
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The Institute 


IEEE-USA position 
Statements approved 


The IEEE’s United States Activities Board 
approved the following position statements 
at its last two meetings of 1991: 

¢ IEEE-USA recommends that the Feder- 
al government develop programs to make 
more effective use of engineers in defense 
and nondefense industries, as well as Fed- 
eral agencies, and that it support private sec- 
tor strategies through legislative and finan- 
cial means. 

. © Recognizing that high-resolution systems 
(HRS) development will affect many indus- 
tries, IEEE-USA encourages all entities par- 
ticipating in standards development to 
evolve and adopt an open architecture for 
which flexible standards for HRS systems 
may be implemented. 
¢ While backing physics research aimed at 
a timely demonstration of fusion as a viable, 
inexhaustible source of base load electric 
power, IEEE-USA also supports Federal 
funding levels adequate for studying the 
physics of a high-gain burning plasma. 

e IEEE-USA points out the need for re- 
search in those areas that would contribute 
most both to understanding how low- 
intensity, low-frequency electric and mag- 
netic fields interact with living matter, and 
to defining risk assessment objectives. 

¢ The Federal Communications Commis- 
sion must continue to be guided by public 
interest, not auction, in making spectrum al- 
locations, though consideration should be 
given to using auctioning in the licensing pro- 
cess and management. IEEE-USA believes 
that these suggestions will further enhance 
the beneficial aspects of the license auction 
process and help clarify where auctioning is 
appropriate. 

Copies of the position statements are 
available from the IEEE-USA office, 1828 
L St., N.W., Suite 1202, Washington, D.C. 
20036. 


Eurocon 92 alert 


Scheduled to be held in Zurich, Switzerland, 
May 18-21, Eurocon 92 is shaping up as a 
major event for Region 8 (Europe, includ- 
ing the former Soviet Union, Greenland, 
Iceland, and the Middle Eastern countries 
west of Afghanistan and Pakistan) and the 
IEEE Switzerland Section. Featuring talks 
by high-ranking leaders from the Commis- 
sion of the European Community, industry, 
and academia on such topics as R&D in in- 
formation and electrical technologies, as well 
as workshops on the role of Europe in a 
worldwide market, the meeting is expect- 
ed to attract about 600 attendees. Contact 
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the Secretariat Eurocon 92, TIK ETZ G 84 
ETH-Zentrum, CH-8092, Zurich; (41+1) 
254 7022; fax, (41+1) 251 2504. 


New edition of employment guide 


The third edition of a comprehensive two- 
volume employment guide, geared to the 
needs of engineers and scientists, has been 
introduced by IEEE-USA. The first volume 
of an Employment Guide for Engineers and 
Scientists is a manual for job hunters. The 
second volume incorporates an extensive 
directory of employers of engineers and 
scientists. Edited by Richard J. Backe, the 
guide is sold through the IEEE Service Cen- 
ter at US $14.95 for members and $19.95 for 
nonmembers, plus tax and shipping. Orders 
can be placed by calling 1-800-678-IEEE and 
requesting IEEE Catalog No. UH0186-7. 
IEEE-USA provides complimentary copies 
of the guide to unemployed U.S. members 
who are not students. Written requests that 
include member number should be mailed 
to IEEE-USA, 1828 L St., N.W., Suite 1202, 
Washington, D.C. 20036. 





Coming 
in Spectrum 


Open digital video. As digital video impinges 
ever more strongly on television, computer, 
and industrial applications, the standardiza- 
tion of its elements becomes urgent. 





Designing FPGAs. To cope with the ingenious 
architectures of field-programmable gate ar- 
rays (FPGAs), ideas from gate-array and 
standard-cell design software have been 
mated with synthesis and optimization rou- 
tines used for programmable logic devices. 


After the flood. A broken water pipe or, worse 
yet, a fire need not reduce electronic equip- 
ment to scrap—in the hands of a professional 
disaster recovery company, the cost of re- 
storing dirtied or damaged equipment is well 
below the cost of replacing it. 


Curriculum reform. U.S. colleges are teach- 
ing electrical and computer engineering 
earlier, seeking to develop true (non-rote) 
understanding, and encouraging long-term 
design projects. 


Finnish high-flier. Finland’s Nokia Corp. is 
now Europe’s third largest maker of TV sets 
and a rising star in mobile phones and tele- 
communications. But it must combat its out- 
of-the-way location and the recession. 


Commerce and competition. The Commerce 
Department’s Undersecretary for Technol- 
ogy Robert M. White tells how the Govern- 
ment is working with industry and academia 
to improve U.S. competitiveness. 





ADVERTISING SALES OFFICES 


345 East 47th Street, New York, N.Y. 10017 


705-7767 
705-7312 
705-7067 


William R. Saunders Advertising Director 
Michael Triunfo Northeastern Manager 
Hendrik Prins Research Manager 
Theresa Fitzpatrick Advertising Production 
Manager 705-7579 

Boston, Mass.-Gerard S. Mullin, Doug Long, 

The Channel, Brewster, 02631 508-896-5930 
Philadelphia, Pa.-Daniel P. Mainieri Jr., Regional Manager, 

650 N. Cannon Ave. #22, Lansdale, 19446 215-368-8232 
Chicago, Ill.-Ralph Bergen, 

One Northfield Plaza, Suite 300, Northfield, 60093 708-446-1444 
San Francisco, Calif.-Denis F. Duffy, 

3755 Balboa Street, Suite 201, 94121 415-386-5202 
Los Angeles, Calif.-Lynne Andrew Evans, 

5777 West Century Boulevard, #635, 90045 310-649-3800 
Atlanta, Ga.-H. Michael Coleman, C. William Bentz III 

4651 Roswell Road N.E., 30342 404-256-3800 
Dallas, Texas-Matt Kincaid, 

9794 Forest Lane, Suite 634, 75243 214-553-9896 
Tokyo, Japan-German Tajiri 

IMI Corp., Saito Lend Bldg., 13-5, Ginza 3-chome, Chuo-ku, 

Tokyo 104. (03) 3546-2231. TELEX: J23449 (IMI TOKYO) 
Munich, Germany-Ric Bessford, Leopoldstr. 52, 

8000 Munich 40, Germany, 49-89-39-00-55 
Publisher: Donald Christiansen 
Administrative Assistant: Nancy T. Hantman 
Associate Publisher: William R. Saunders (Advertising) 
Administrative Assistant: Carmen Cruz 
Vice President, Publications: J. Thomas Cain 


ADVERTISERS INDEX 


Circle numbers on the Reader Service Card, 
opposite page 50, that correspond to the ad- 
vertisers listed below. * Advertiser in North 
American edition. 


RS# Advertiser Page # 
iL Ansoft 57 
21 Bimillennium cover 3 
8 CSPI 8 
32 *Design Science 8D 
30 *Edmund Scientific 8H 
2 EEsof cover 2 
16 Entropic 11 
17 GeoCom 53 
7 Gigatec 7 
36 How EEs See Themselves 57 
9 Hyperception cover 4 
26 “IEEE Video Conference 8F 
IEEE Press OL 
10 Intusoft 16 
29 Inspec 53 
12,13 Jandel Scientific 2 
1 Mathsoft 13 
19 Mathsoft 12 
31 *Mensa 8D 
3 Microsim 17 
20 National Instruments 14 
4 Omega 1 
33 “Precision Visuals 8G 
*Seabury & Smith 8B-C 
35 *Stanley 8E 
Swiss Federal Institute 
of Technology 55 
34 *3D Visions 8A 
25 UMI 15 
18 Wolfram Research 18 





IEEE SPECTRUM FEBRUARY 1992 











FINALLY A SINGLE 
ENVIRONMENT FOR 
REAL WORLD 


PROBLEM SOLVING! 




















Just a click accesses gt tool, 
data, or editor from HiQ’s 
Project Worksheet interface. 


Orbit Trajectory:UPMatrint = 
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Your scripts (as well as the 
Problem Solvers) can generate 
numerical and ... 


From elementary academic 
problems to the most complex 
industry projects, the fully inte- 
grated environment of HiQ 
brings together all the tools you 
need - to pose your problem, 
solve it, graph it, organize the 
data, then design and print out 
a complete presentation of your 
work. For example: 


¢ The Project Worksheet inter- 
face that lets you organize 
and dynamically link every- 
thing you create in HiQ 


¢ Over 600 built-in functions 






















































































HiQ’s Problem Solver editors 
automatically generate 
HiQ-Script code... 





¢ Problem Solvers, graphical 
interfaces that deliver over 
100 of the world’s most 
powerful algorithms 


© HiQ-Script,;"a new struc- 
tured “4GL” programming 
language for engineers 


© The Grapher" a real-time, 
2D & 3D interactive 
graphical editor 


With these features on your 
Macintosh or UNIX workstation, 
you can create a dynamic docu- 
ment for almost any engineering 
problem. 





..which can then be edited or placed 
in a larger script by using the 
1Q-Script editor. 


Orbit Trajectory: Orbitgraph 
Eorth Free Return Orbit 


aN, 











... graphical output, which 
automatically open into 
customized, easy-to-use editors. 


Call today to find out how HiQ 
can solve your real world 
problems. 


1-800-488-8662 


E Bimillennium 


First in Power Computing Software 


Bimillennium Corporation 
101 Albright Way 
Los Gatos, CA 95030 


Product names are trademarks or registered trademarks of their respective holders. 


Circle No. 21 








Designing against the clock? Then try our Block... 


file Mode Run Eunctions Options Help 


display2 \* 





Hypersignal-Windows'" Block Diagram 


Advanced Simulation Software under Windows 3.0 


Data Flow Driven @ Compatible with Hypersignal-Workstation 
and other Hypersignal-Windows software 


@ Multi-Rate Applications including aplication: 


decimation, interpolation, etc. 
Onen Sofiware Arehilecaie @ Blocks can make use of DSP plug-in boards 
for algorithm acceleration 
© He BIO Serrated wey eeer @ Flexible interface to allow virtually every 
Supports Dynamic Data Exchange algorithm application from classical telecom 


(DDE) interface applications to Digital Image Processing 


For more information, including VHS 

Demo Tape Request Form, contact: 
Jeeta Hyperception, Inc. 
——— ee => ——— — —— => =| — — 9550 Skillman LB 125 


ee ene ene ect cet are eee ere ew ee eee Dallas, Texas 75243 


phone (214) 343-8525 
fax (214) 343-2457 


International Representatives: 


GERMANY - Electronic Tools, phone: (02102) 841013, TLX 1631 + BTX 02102841013 1 + ,fax: (02102) 841000 * UK, IRELAND - Loughborough Sound Images, 
LTD., phone: (0509) 231843, TLX 341409 LUFBRA G. fax: (0509) 262433 * FINLAND - ITT, phone: (90) 739 100, TLX 121450 MultiKomponent, fax: (90) 712 
414 * FRANCE - BORES Signal Processing, phone: CC44 (0483) 740138, fax: (0483) 740136 * DENMARK - Assentoft Electronics, phone: (06) 16 29 26, fax: (86) 
16 20 12 * ISRAEL - IES Ltd., phone: (03) 7510927 * TAIWAN, ROC - EXARTECH International Corp., phone: 5372201~3, fax: (02) 5422689, TLX:26173 
EXARTECH 
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